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PREFACE. 



In the introduction to the Uttle wOrk upon which 
the present volume is founded, it was observed that, 
" the great and increasing interest which is at the 
present time evinced for the study of Geology, and 
the manner in which this science is beginning to 
connect itself with the pursuits of the Miner and 
Engineer, will probably be deemed a sufficient apology 
for any work, having for its purpose to facilitate the 
acquisition of this branch of knowledge." The cor-' 
rectness of this view has been fully confirmed by the 
favourable reception of the work in question, and the 
early demand for a second edition. 

It has in the present volume been the object of the 
writer, to explain as briefly and simply as possible, 
the leading principles of Geology, to point out their 
apphcation to the internal structure of this country, 
and the connexion of this structure with various facts 
of general interest and importance. In accomplishing 
this, he has endeavoured to render available the local 
knowledge and the small amount of geological infor- 
mation which most persons may be presumed to 
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possess. It has also been his object to render intel- 
ligible and generally useful, the immense mass of 
information contained in the beautiful and accurate 
geological maps of our own country, which have been 
published by different individuals, and which may be 
said to contain the most valuable summary of the 
labours of English Geologists. 

In an elementary work, novelty can hardly be ex- 
pected ; but it may be observed that a long and prac- 
tical acquaintance with nearly all the phenomena 
described, together with the habit of viewing them 
with relation to purposes of utility, as well as in con- 
nexion with science, have prevented this Introduction 
from being a mere compilation from the labours of 
others, and given it as much originality as the nature 
of the subject allowed. 

Having had numerous opportunities of observing 
the wants of practical men, and the difficulties which 
impede the more general cultivation of geological 
science, the plan of the present work has been ar- 
ranged with a view as far as possible to supply the 
former, and to obviate the latter. 

The first part it will be seen is entirely devoted to 
those preliminary views of the constitution of the 
globe, a previous acquaintance with which is abso- 
lutely essential to any sound progress in geological 
science. 

In the second part the elementary facts and prin- 
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PREFACE. V 

dples of geology are explained at considerable length, 
and illustrated in such a manner as to render them 
readily intelligible to the ordinary reader. 

The third part embraces descriptive geology, and 
includes a comprehensive view of the internal struc- 
ture of Great Britain, with such brief reference to 
foreign localities as was deemed consistent with the 
general plan of the work. 

Although the practical applications of geology have 
been repeatedly glanced at and illustrated in the 
former portion of the volume, the fourth and conclud- 
ing part has been entirely devoted to this important 
subject, which is there more fully developed under 
its appropriate heads. 

The Appendix contains some additional explanation 
of the plates, an explanation of the terms most fre- 
quently used in geology, and a tabular view of the 
mineral statistics of Great Britain, which, although 
necessarily formed upon imperfect data, may still be 
regarded as a useful approximation. 

As the result of many years' devotion to a favourite 
science, and of extensive observation both practical 
and theoretical, of mineral phenomena, it is hoped 
that the ** Elements of Practical Geology" may prove 
a useful manual to the numerous class o readers for 
whom it is more especially intended. 

Jokri% Terrace, Hackney Road, 
October, 1838. 
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10 PRELIMINARI VIEWS OF THE 

water which descendB from the atmoBphere, bqAI 
finally diBchaiging it into the sea. Thus, by e 
ration 5'om the aea, and condenBation in the Btint>> 
sphere, a constant interchange and alteraatioa is kept J 
up, between the aqueona ocean beneath ua, and tlM 
aerial ocean above ; and, as we shall hereafter hanj 
occaaioja to observe, the solid materials of the ^ot 
experience vecy important changes, in consequencfl 
of this action, although of a nature so gradual, that fil 
the ordinary ohBerver they are almost impeTceptiblcH 
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PHYSICAL GEOGRAPHY. 

Subjects to be coNsinEREn. — Having thus notice 
the figure of the earth, and the general dispositiottfl 
of the materials of which it is constituted, there Etra ' 
some few particulars connected with its physioal 
geography, which will next require attention. These 
are principally the configuration of the land — t)K 
elevation and structure of hills and mountain n 
— the composition of the ocean, and form of its bol' 
— the distribution of heat, both ujwn the earths 
surface and below it — ^and, a subject which is cIob^ 
connected with the former, the distribution of pl&aMi': 



DrsTRiBUTiON or land and watkr. — ^As regaodk 

the distribution of the land and water, there 'IK' 
but little indication of order and regularity. Tl»- 
ocean may properly be considered to extend over tlS' 
whole globe, the land appearing at a greater or 
elevation above it, in patches of every imaginaM* 
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or THE GLUDE. 11 

ftize and cootour, from the BTnallest rock or islsnd, 
to the largest continent. It has been estimated that 
the area of the water is to that of the laad nearly as 
two to one, or, more correctly, as seven to three, more 
dian two-thirds of the earth's surface being thus co- 
vered with water, while less than the remaining third 
COnaiata of land. 

The position of the great maesea of land constitut- 
ing our continents, diftere greatly in the eastern and 
veatem hemispheres ; in the former it is nearly east 
and west, or parallel to the equator, in the latter, on 
the contmry, it is nearly north and south, the land 
stretching almost from pole to pole. It is remarkable, 
that in both hemiaplieres the |)oles are dtuated in the 
ocean, and that, if we compare the northern with the 
southern, the antipodes of the land, with scarcely an 
esception, will be water, and of course vice versH. 

Elevation of the i,A.Nn. — On considering the 
elevation of the land above the ocean, it will be found 
that a large portion of it is very slightly raised, more 
especially upon the banks of great rivers, and along 
the sea-shore. On the continent of Europe, this ia 
the case with Holland, northern Germany, and a 
l&rge portion of Russia; and on the continent of 
America, there are similar low and extensive plaina 
antunil some parts of the coast, adjoining the moutha 
ftnd course of the great rivers. 

It is scarcely necessary to observe, that the eleva- 
tion of hills and mountains presents every possible 
gradation from the most trivial eminences to the 
tcrwering masses of the Himalaya mountains, which 
hitve an elevation of more than live miles perpendi- 
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12 PUELIMIKAIlt VIEWS OF THK 

cular above the level of the sea. In out own countfl 
the highest HummitB range in a liue appruachiq 
north and Routh, and exteiidin)i; from the Highlai 
of Scotland, through Cumberland, Westmorelai 
and Lancafihire, into Wales, and finally terminatia 
in the elevated region of Dartmoor in Uevonshiq 
The following are ihe elevations of the princi, 
points upon this range, which it will be obBeiTll 
exhibit a progressive increase as we proceed a 
ward. Dartmoor attains the height of nearly 181 
feet, the Beacons of Brecknock, in south Walet, a 
2,862, PlynlimmoD is 2,463, Cader Idris i 
Mowddy are respectively 2,914 and 2,955 feel abc 
tbe sea-level, while Snowdon, the highest of tM 
Welsh mountains, rises to the height of 3,571 fe^ 
In Che north of England the highest eummitB i 
those of Cross Fell and Helvcllin, elevated 2,900 an^ J 
3,055 feet above the sea. In Scotland the mounrJ 
tains attain a still greater elevation, several rising tf .11 
the height of between 3,000 and 4,000 feet, and BabIi 
Nevis, which is considered the highest luonntaiii ii 
Great Britain, is 4,365 feet in height. 

The moat remarkable feature in the physical geo- 
graphy of Great Britain is, therefore, a range of ele- 
vated ground, stretching from north to aouth, and 
prevailing over the western portion of the country. 
Although, eastward of this commanding range, the 
country ia much diversified by hill and dale, there are 
few hills wbicii exceed a thousand feet in height|. ] 
while in many parts, as in Esses, Norfolk, SuffoUtj i 
Cambridge eh ire, Bedfordshire, and Lincolnshire^ 4 
there are estensive tracts of nearly level country. 
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^^^B^uid is in its central portion a fiat or genlly uii- 
^PPpted country, but it has in some parts very bold 
^■■iBiUitkiu-rangee, more especiully &rou[id the coast, an 
in Lundonderry, Wicklow, Downahire, and Kerry. 
Hie highest mountainain Ireicndare Macgillicuddy's 
Becks, in the latter county, elevated 3,405 feet above 
tbe sea. 

On the continent of Europe the most elevated 
nmintatn ie well known to be the snow-cappetl sum- 
inil of Moat Blanc, which forma the highest point of 
llie AlpB, and riaea 15.660 feet nhove the sea. There 
tre Bummits in the Pyreneea whicli have an elevation 
[ of about 11,000 feel, and the volcanic cone of Etna in 

et|ually lufly. 
I In Africa the highest mountains are supposed to 

be ibo«e of Geesh in AbyBsinia, elevated about 1 5,000 
feet; bnt the loftiest summits in the world are those of 
the Himalaya mountains in Asid, which separate 
Iitdia from Thibet. The highest peak of this range 
is Uhwalagiri, and the elevation, though tiot very ac- 
cn rwtety known, is estimated at about 2S,000 feet. 
I the continent of America the highest points 
ptlioK of the AndcB, Chimborazu being elevated 
5 lieet, while several other peaks of this range 
BI'lJlDOet equally lofty. North of the equator the 
, not so high ; the volcano of Popocate- 
t, which forma part of tbe range of the Cordilleras, 
es 10 tlie height of 11,72(J feet, and 
BRocky mouDtaius, which form the prolongation 
ise chain through the northern part of 
f American continent, are not suppused lo rise 
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iiKiTc tliiin from 12,0U0 to 13,000 feet above the « 
level. 

Tho clevntion of mountftins forioB little subject fi 
goiiornl remitrk, other than that it appears to beat 
•onie rulutioti to the ma^itude of the continents il 
which thoy nru Hitiiated ; thus, the highest mountBig 
occur in lh« vuit continent of Atia, leas elevatei 
mnaMiii nrcur fii the siaaller continent of Alrica, 
in the continent of America, which is of in 
•ixc, the inoiintiiini have also an intermediate e 
tion. [n AuBtraliit, which may be regarded as tit 
imallMt of o<ir contiuentB, the mountaine appear i 
be Htill 1c» elevated, 

t''KTItnNAl. HTIIUCTURE OP HILLS AN'D MOVSTAl 

—The external atructure and configuratio 
and mountains forms a curious and intereBting^ 
ftlthou)(h hitherto neglected, branch of geologic^ 
inqniry. These clevatioua have been ahown to j 
form ail imporlnnl function in the economy of nata 
by collecting and duly diBtribnting over the earth'ri 
Hiirfhce tliG waters derived from the atmosphere; anj^ 
to fit them for this office, a suitahle stnicture hi 
been given— a Btnicture which is infinitely varied ai 
cunlitig to the nature and composition of the mas 
The more perfect represoatation of the undulatioi 
of tiie surface in modern maps, and more eEpecialM 
in those constructed for military purposes, will, hovt<: 
ever, in time, throw much light upon this subject, t 
more firmly establish those principles of which, a(- 
prtsont, we have only a vague and general idea. 
The BtructUTC both of hills and mountains i 
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furmadnpoii the fiame general plan, but greatly modi- 
BxA according to an infinite variety of circuinstanceB. 
UouDlains und hills, ae muet be well known, do not 
by any meariB form isolated and unconnected maBBes. 
Hie isolated peaks which rise from them, prominent 
u they are from their commanding situation, form 
but a small and inconsiderable portion of their masg. 
MitaDtains and hiUa mostly occur in chains or 
nnges> having a definite direction, a considerable 
loipli, and a Dairower, but still considerable breadth. 
FnHn the more elevated central portion, which, more 
especially in volcanic mountains, is generally cba- 
recl«riBed by tbe irregular occurrence of abrupt and 
Ittfiy peaks, smaller ranges, or branches, are thrown 
out into the surrounding low country, and these 
have again other minor branches and outliera con- 
nected with them, the whole enclosing a regular and 
cootinuuLis system of valleys. It rarely happens that 
both sides of a hill or mountain have the same degree 
of «ee.pneBS or inclination ; on one side there is 
gtnerally an abrupt escarpment, and on the other a 
pwlua] slope, 80 that the general profile of any range, 
taken across the line of its direction, would present 
the figure of a wedge-like mass, or a series of wedge- 
like masses, a circumstance occasioned in great mea- 
sure br peculiarities of internal structure, which will 
btnsAer be noticed. 

legards the direction of elevated ranges of 
, there is generally one or more extending 
1 every continent and island, and thus deter- 
[ its general form and configuration. The 



16 

mounUinB of Great Britain, pTeviously noticed, i 
sent an example of this kind, and a 
one IB afforded by the vast chain of c 
traverses the whole continent of Americik. 
tains and hilly ranges are not uii frequently part 
to each other ; and. when viewed on the great « 
they often enclose va*t tracts of country with 
irregularly -curved area. 

The figure of Iiilla and mountains, na depend) 
on their compoBition and internal structure, will' ^ 
noticed in the body of this work; but it may 1 
be observed, that the subject is well deserving 9 
attention, both from the civil and military enginq^ 
as, both in the formation of roads, canals, railwq 
and other public works, and tlie operatic 
army in the field, this circumstance forms a i 
important element for their consideration. 

Composition of the ocean. — We have next^ 
direct our attention to the vast flui 
ocean, which Bpreads over so large a portion of B 
globe— chiefly to its composition and the form of jj 
bed. The water of the Bca is distinguished froi 
that which occurs in lakes or rivers, or which g 
rally issues from springs, by its prettier inapregnH 
tion with earthy and alkaline subetances, i 
especially by its large proportion of muriate of s 
or common salt, which amounts, on an average, 1 
about 3 per cent. ; sulphate of soda, and the murintea I 
of lime and magnesia, are also present, the total 
((uantity of saline matter held in solutiou by the 
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whkh raiaee its specific gravity to 1,028, that of 
iiitilUd water being 1,000. The water of the ocean 
n, therefore, a very compound fluid ; nnd, as aqueous 
acDon has, at a. former period, acted most cxteasively, 
both cliemically and mechanically, upon the surfikce 
uf tJje gluhe, its properiies and nature are interesting 
lutijccts of inqtilry. Besides tlie matter which is 
Am held in aolulion, by the waters of the ocean, 
tee H ako a large quantity [>f eand, or iinely com- 
■imited mineral eubstance, which is constantly in a 
■IBte of mechanical Euspensioii in certain situations. 
■ craund the months of great rivers, and on sume 
puU of coasts. This sedimentary matter is of conrEe 
IBt constant state of deposilion, as nill be hereafter 
noticed ; while, under favourable circumstances, che- 
Biaal deposition may also take place, either from the 
BjnHBi. from lakes, or springs. 

^HnCoui or ITS BED.— The form of the bed in which 

^^h, Bceaa is collected, spreading as it does over so 

^^Hfett a portion of the earth's surface, is a subject of 

^^Bnb interest; large portions of this bed have been 

^^Bned by soundings to be comparatively shallow, 

Uiw corresponding with the small elevation of much 

of the land, aiid its most profouiid abysses appear to 

foUow certain known lines and centres, thus offering 

• coiiuterpart to mountain ranges and summits. The 

depth of these is of course very uncertain, but from 

nncus considerations it is not generally supposed to 

tacMul ten miles, and, in all probability, it is sel- 

dmi more ihnn half that diatunce. We tliuE arrive 

U the general conclusion, that the large portion of 
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the earth's Burface which lies beneath tlie 
pwiesBCB the same general structure as that which' fl|> 
elevated above it. 

DiBTRIBDTION OF HEAT CLIMATE. The 

tion of heat, both upon and within the earth's 
audtheinfltience of temperature andclimate, both up(Mi 
the aaiiHol and vegetable kingdoms, are inquiriea «| 
much importance to the geologist, as it is only by.S 
correct knowledge of these circumstaiices that be 1$< 
enabled to explain many of the important phenometa) 
which meet his view, when he begina to examiitt' 
into the relations and origin of those materials 
which the crust of Uie globe is composed, and to 
investigate the organic reliquia; of past agea whifl^ 
they enclose. 

The actual quantity of heat received by the eartt^ 
surface is entirely due to the solar influence, but itf 
dialribution depends on a great variety of 
Were tlie earth's surface a truly spheroidal 
homogeneous mass, its temperature would deci 
from the equator to the poles, according to 
and regular progression. Under the existing 
cumstances of the earth's surface, this lai 
ing temperature obtains, in so far, that the teraj 
lure is greatest at the equator, and least at the pol 
but the ratio in which it diminishes is subject to 
and striking anomalies, and very different clii 
are often exjierienced under the same latitude, 
causes of these anomalies are to be found in th 
ferent absorbing and radiating powers of the li 
and ocean, and also in the rapid dimiuutiuii of tt 
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ptraiuie which takes place in the higher regions of 
Ik almosphere, into which the more elevated ranges 
I'f fflouncaiiis frequently ascend. 

The influence of the ocewi upon climate is very 
gwM, DB, from the peculiar conatilution of water, with 
reference to temperature and density, the temperature 
uf tiie sea is extremely equable, and, through the 
medium of the winds which are constantly paasing 
tner it, this equable temperature is in some measure 
BDtDmunicated to ialunds and the coasts of continents. 
To e^Iain this action, it may beobaerved, that, wheu 
1 carrent of air parses over the sea, which is hotter 
Hub itself, it becomes cooled by the consequent eva- 
porationi while one which is colder of course becomes 
Mrmer by contact with the ocean. The climate of 
OUT own insular country is greatly influenced by this 
cause, and we neither experience the same extremes 
.heat or of cold which are felt under the same latt- 
both on the continent of Europe and America, 
example, in portions of Russtn and Canada, 
second great cause which influences climate, 
uu) the only other wliich need here be noticed, is 
slcratioD above the eea-level. The heat which the 
eutii receives from the sun is radiated again into 
the ibnosphere, and most powerfully, of course, at 
llie equator, where that heat is the greatest. The 
«ffiKt of this radiation is most sensible in the lower 

Eof the atmosphere, but it rapidly decreases as 
ad upwards, till the upper regions become 
:^y cold. Even at the equator, the leio- 
of the atmosphere falls to the freezing point 
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at an elevation of from 15,000 to 16,000 feet| or 
about three miles above the level of the eea. As tho 
amount of radiation from the earth gradually de- 
creases from the equator to the poles, the point of 
congelation has a less and less elevation in proportion 
to the latitude, till towards the poles it actually 
coincides with the earth's surface, thus forming .a 
concentric spheroid, as shown in the annexed figure. 

Kg.l. 




Mountains, whose summits rise above this external 
spheroid, or curve of congelation^ are of course 
covered with perpetual snow, and this height depends 
entirely upon the latitude. According to the calcu- 
lations of the late Sir John Leslie, the height of this 
curve, at the equator, is 15,207 feet, while, in the 
mean latitude of Great Britain, it is only about 5,000 
feet, or one mile. 

It will thus be seen that climate is greatly depend- 
ent on elevation, of which one of the most striking 
examples is to be found in the lofty Himalayan. 
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range. The suiDtnits of tLese mountaiufi, althougli 
in tlie latilude of 28' to 30°, are covered with ever- 
Usliag snnwe, while the plains and valleys beneath 
ihetn display all the unfailing verdure of a tropical 
rlimale; and every gradation, between the two es- 
Ireines, is to be found in the intermediate slopes and 
eleTftted plains by which they are surrounded. Were 
tome of the mountains of our own country ratlier 
more elevated, their summits would enter within the 
cunc of congelation, and thus be covered with per- 
petual BDOW. The diminution of temperature, which 
is espeiieneed on rising to a sufficient elevation to 
approach (his point, must have been observed by all 
who have ascended the mountains of Wales, or the 
iu>nh of England, where, even in the midst of sum- 
mer, a sensible degree of cold will always be found 

have next to consider a point uf great geological in- 
terest—the distribution of heat beneath the earth's 
Kir&ce, or the temperature of the internal mass of 
the glolje. The heat of the earth's surface, being 
euttrely derived from the sun, paBses off again by 
niliiitiini into the atmosphere, and, by conduction, 
into the solid masa of the globe. The nature and 
tsient of the radiation into the atmos]»here has al- 
muly been considered, but the latter subject of 
iMpiiry is not perhaps ijuite bo Eatisfactorily ascer- 
bitned. It is certain, however, that the solar iu- 
fluena does nut penetrate to any considerable depth 
bduir the enrfiici', and about 100 feet is generally 



coDBidered aa its limit. It is, therefore, entirely q 
matter of obaervation nnd experiment, whether bcIcniK 
this limit the temjierature of the globe u invariably 
the same or not. 

A circumstonce, which has long been known tit 
miners, hears most materially upon thii point— 
the interior of deep mines is mncli warmer than ^Bil- 
surface; and also, that, as the workings arc carrieS' 
to a, greater depth, the temperature hecomea propoiA 
tionally higher. For a long period, however, a VaguA 
anil genera! explanation of this phenomenon 
deemed sufGcient; it was supposed to arise entirel]^ 
from the animal heat of the miners, from the Ihmfit 
or candles by which their occupation is carried otii- 
the want of ventilation, and similar local and partial 
causes. 

This explanation, although at first sight very plaus- 
ible, anti in fact long regarded as satisfactory, will not, 
however, bear the test of rigid esamination, for not 
only has the atmosphere of mines a high temperature 
in proportion to their depth, but the rock itself in 
which the excavations arc formed, and the water 
which issues abundantly from it (often several hun- 
dred gallons per minute), have a temperature quite 
as elevated, or in some cases even more elevated stilts 
Nor is this phenomenon ofa high internal temperatuT^ 
of rare and partial occurrence only ; it prevaiU alika'' 
iu England, in France, in Germany, in Mexico — ia 
fact, in every part of the glo}ie where deep mines haift'. 
been opened, and it is manifested also in the tempC« 
ratureuf deep Artesian wells, andof hot springs, whiclf.1 
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^^^Pear in fact to be nothing more than waters issuing 
■ tfuough some crack or fissure from the itune deeply- 
seated portions of the earth's crust. It amounts, 
therefore, to a certainty, both from the beat of tlie 
leliii mck and that of the water and air in contact 
witli it (far beyond what could be communicated by 
, local causes), that the interior of tbc globe bas a tetn- 
peratuie of ila owii indepenilent of the solar influence ; 
and it apijesTB, from experimeiitB made in various parts 
jf the world below the invariable •plarie, or that point 
re tlie solai influence terminates, that this increase 
fflpersture amounts to about 1° Fabr. for every 
ir len fathoms,* and we are therefore warranted 
elieving that the materials of the globe may even 
n a stale of incandescence at a depth short of a 
miles, measured perpendicularly from the 
The phenomena of earthquakes and vol- 
, together with many olbera hereafter to be 
, appear to be closely connected with the 
1 Hate of the earth's internal mass. 

^FLDENCB OF CLIMATE UPON THE ANIMAL AND 

IXASLS KINGDOMS. — The influence of temperature 
I climate upon the animal and vegetable kingdoms 

K next subject which rcqitirea our attention, and 
ia ioBueace is of so marked and decided a character, 
H U require but little explanation or remark. Al- 

Igh every temperature and climate may be consi- 

!9 of Criinwall 1 hnv« fonnil the 
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dered bb congenial to its appropriate races of th^fl 
animal and vegetable kingdom, it is only in tlie liigl 
teinperatuTe of tropical climates that either attain ibet 
maximum development. We thus find in the toir 
zune birds of the largest size and gayest plumage ; 
largest and most powerful reptiles, 
and gavial ; quadrupeds of surpassing size and strength^l 
as the lion, the ttger, the leopard, the elephant, t 
rhinoceros, and ihe cameleopard. The ocean iB f 
tropical climates alike distinguished b; the productk 
of corals, sheila, and fislies, peculiar to hot r 
and the prodigious accumulation of submarine z 
phytes there attains a. vast importance, elsewhere ua>»fl 
known. The vegetable prodvictions of tropical dir* 
mates are equally distinguished for their luxurianc 
and variety ; the palm, the arborescent fern, the si 
cane, the coffee-tree, with innumerable others, eshiUj^l 
the most luxuriant types of vegetable life, and affoifl* ' 
the richest fruits and spices. I n the temperate zone, 
as Great Britain for example, this luxuriance entirely 
disapjiears. aud both animal and vegetable existence ap- 
pear in leas variety, and in comparatively diminutive. J 
forma; while on approaching the polar circles v 
struck with the scantiness of animated creation, whic^ I 
is there chiefly represented by the rein-deer and the \ 
polar bear upon the laud, and the whale in the ocean, 1 
while a few mosses and lichens compose the trivW 
vegetation of the frozen surface. Our present eon' I 
cem is, however, rather to call obvious facts distinctljt I 
to mind, than to enter into any details of them; 
here, therefore, leave the subject, which, as will be | 



w 



CDNSTITDTlOtl 






QBE. 25 

BMD hereafter, is one of great importance in a geolo- 
gical point of view, since the earth has been inliabited 
by toan; saccesMve races of animals, and clothed 
wilit 8ucc«sBive mantles of vegetation, the reliquife of 
"wiuch are beautifully and perfectly preserved for our 
ion in a fossil state. 
|Kts cossexion with geoloqt. — As these foesil 
B,&lthuugh diSbring from, arc still very aualagous 
ta, ibe races whicli now esist, they throw considerable 
light upon the state of the earth's surface in periods 
oC high geological antiquity, they indicate the ancient 
libutiou of land uud water, and point out with 
a the conditions of temperature and climate 
n widely differing from those of the present lime) 
; have prevailed at the period of their 
Zoology and botany thus contribute va- 
B tni to geology, while tliey receive in return a 
It important siipplementary addition to the existing 
types of animal and vegetable life by the unlooked- 
for discovery and reeloration of those extinct races 
' wh kh belonged to the earlier liistory of our planet, 
^^E|t«hicb perished amidst its ancient convulsions. 

^^BHawbials oftbb globe. — The general arrange- 

^Iprt Hid distribution, both of the materials of the 

I Rk^ and of animated creation, having now been 

lirafly noticed, onr next subject of inquiry, before 

cnmining mure particularly into the internal struc- 

Inre vt the earth, may very appropriately be, what ar^ 
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ihe materialE of which it is composed ? What ai 
BubBtances with which it is neceasary for 
acquainted previous to commeocing the study of gefl 
loe^ ? This question leada us at ouce to two depsiVt 
ments of ecience which are closely connected wiA> 
geology, and to which it is deeply iudebted — chemirtfy 
and mineralogy. The geological student does not tft« 
deed require to be thoroughly versed in these scienCMI 
a limited knowledge ib sufEcient for his purpose, bnt 
without this knowledge he will make hut little priH 
greaa in the object of his pursuit, and his acquaiaftl 
ance with it will at beet be vague and superficial. 

The following outline of those essential facts oat 
principles which are moat intimately blended wift 
the study of geology will, therefore, materially asuit 
the student, and at least tend to remove some of thv^ 
most prominent difficulties which most perBona hav^ 
to eneounter in obtaining an acquaintance nith thif 
science. • 

The question, what ate the materials of the global 
admits of two kinds of answers, as it may be roadlF' 
either to embrace the simple or elementary BubatanoM 
with which we are made acquainted by the chemiBl^. 
or the various compound bodies which occupy the atr' 
tention of the mineralogist. The former may be coifc*i 
sidered as the original elemcata of creation, while tb/t 
latter either form the constituents of rocks and soils, «» 
are found in distinct masses interspersed thTonghont 
them. The answer to our present inquiry thua cootf' 
prebends a knowledge of three principal facta — tte 
nature of simple or elementary bodies, Ihe mamKj 
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uid laws of their combination, and the particular 
mtDcral bndies which are thus produced. The two 
iner mbjectB belong to ciiemistiy, while the latter 
» the pecolisr province of mineralogy. 

(, therefore, both of saving reference to 

T works, and of collecting the entire elements of 

e, BB f&r as poesible, in one unbroken 

in, the following brief outline of those leading jacta 

r cbemiKtry and mineralogy which are most esBcn- 

IRy coDnected with it bus been drawn up, aud it is 

|»ed will be of material assiBtance to many readers 

■O may not have studied the latter eubjects. 

I SutFU OR ELEUENTARY BODIES. — By a Simple 

h^lartee, we arc of course to underataad a body 

a thepresent state of chemical knowledge, docs 

t ■ppear to be compounded of other hodies~a eub- 

: from which nothing differing from itself can 

feftibtained. Whether, however, such is the real and 

ighimate constitution of this cIssh — whether they are 

indeed the actual elements of creation, or whether 

dwy are merely its prosimate constituents, must be 

indered us a doubtful poiut ; perhaps many of them 

y yet be decomposed by the chemist, and reveal a 

lund nature, as was dune by the earths io the 

f Sir Humphrey Davy's brilliant experiments, 

a others may be of so subtle a nature as ever to 

J ttw ingeuuily of man. 

Kfty-finir substances are at present included ia 

rnple bodies, of which forty-two are 

I metallic bodies, seven are non-metallic 

1, and five, when in an uncombined state. 
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exist onlj HS gases. In addition Id iheae known aq 
tangible principles, nature presents us witb at lea 
three or four powerful agents which are too subtle ii 
their modes of action and existence lu be ranked with | 
the foregoing, or indeed for their Eeparate identity V 
be decided upon. These are light, heat, electricttl 
and ma^etistn, to which the term imponderable e 
raents has Iwen Bometimea applied. 

Metallic bodies. ^The numerous clasB of metallic | 
bodies exhibits certain marked peculiarities of charac- 
ter, which afford grounds for a convenient Bubdivision 
of them into three classes — the perfect metals, brittle 
metals, and metalloids, the former being malleable 
and ductile, and, therefore, of extensive use to man 
in the metallic state, wbile the second, wanting these 
important properties, are comparatively little used, 
and the third can with difficulty be brought intn the 
metallic state by the chemist, and, even when this has 
been done, they spontaneously absorb oxygen, and 
lose their metallic properties. The second class has 
HometimeB, therefore, been termed semi-metaU ; these 
subdivisions are, however, here given rather as a ■ 
matter of convenience to the student in the classificfr- 1 
tion of a numerous class of bodies than as of ao] 
great importance in a chemical point of v 

la the subjoined list of simple substances the mH 
tallic bodies are arranged in the order of their affiniq 
for oxygen, a classiGcation which has the double B< 
vantage of combining an important chemical charafi^l 
teriatic with an approach to the order in which thej 
are valuable to man in their metallic stt 
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^^ Cbeuicai. attraction. — Such being the simple 
01 elemeutary aubEUuceB of which the earth is com- 
posed, we have nest to consider the nature of those 
laws which regulate their combination with each other, 
for it need hardly be observed that we very rarely 
find aay of them in a simple state ; indeed, had it not 
been for the discovericsof modem chemistry, we should 
now havebecti unacquainted with thegreBternumber. 
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This leads ub to the consideration of the great pTd 
ciple pervading all matter, which is termed chemld 
affinity, or chemical attraction. Simple bodies tT 
are not paBsive and inert forme of matter ; they are bII| 
subject in a greater or Itas degree t« the univ 
principle of chemical attraction by which they tenj 
to enter into combination with each other accordl 
to certain fixed laws, and in certaio fixed asd u 
ing proportiona. It thua happens that, from the 1 
mited catalogue of elementary bodies just given, we 
are furnished with the almost endless variety of 
mineral subHtBBces of which the earth is composed. 

The metals, the metalloids, and the non-raetallic 
combuetibles, although capable of entering into an 
immense variety of combinations with each other, are a 
comparatively passive class of bodies; the five gaseous 
elements — oxygen, hydrogen, nitrogen, chlorine, and 
fluorine — are, on the other hand, exceedingly active 
principles, combining very readily with the former 
class, and presenting in their combinations the most 
intense forms of chemical attraction, or, as it has been 
happily termed, "the appetency of matter formatter." 

Proximatk constituents of minerals. — Of these 
combinations we need, however, only consider here 
those few which principally enter into ihe compoaitioB , 
of mineral substances : these are chiefly four — oxidetf. \ 
adds, earths, and alkaltas. The acids also units J 
vtith the other three compounds, forming the vorjr I 
numerous class of bodies which are termed salts, i 
which are distinguished by the termination ate, i 
carbonate, sulphate, &c. 
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The tombinatiou of oxygen with the metals and 
metaUoiils lorms the claw of bodies called oxides, of 
which ilie mat of iron (formed by its decomposing and 
combining with the oxygen of water) is perhaps the 
nosi famiUar example. The combinatiuna of oxygen 
nth certitin other baeea, as carbon and nittogeii, when 
n to small a proportion that the compound does not 
pmsees any acid properties, are also termed osideB. 
■Many aubstancee combine with oxygen in two, three, 
or iDoie proportions, in which case the first degree of 
oxidation is called the protoxide, the second the deu- 
toxide or binoxide, and the last the peroxide. 

These differeot degrees of oxidation afford a good 
example of ^e fixed and definite proportions in which, 
u preriDimly noticed, bodies enter into chemical com- 
lunatioQ with each other. Thus, lead combines with 
oxygen in three different proportionB:— 100 parts of 
kad + % oxygen form the protoxide, + 1 li of oxygen 
(or half as much again), it forms the deutoxide, and 
+ 15 oxygen (or twice as much), it forms the per- 

Acids ore formed by the combination of oxygen 
(which is the great acidifying principle) with certain 
■ddiltable bases; in some few cases however, na the 
muriatic (or hydrochloric) and fluoric acids, hydrogen 
IB the acidifying principle. If the base of the acid be 
■Uuraled with oxygen, the acid is distinguished by 
ttiennination ic ; if not saturated, by the termination 
;,■ thuB we have both sulphuric and sulphurous acid. 
B have mostly a sour taste ; they change the 
. Kiul purple juices of vegetables, red. 
la aie very important conadtuenta of mineniB ; 
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they enter, as before noticed, into the campOBition 
all the variuus euthy, met&llic, and alkaline sails 
beat knowu are the aulphuric acid, or " oil of vitriol, 
and the nitric acid, or " aqua fortie." 

The earths are by far the moat abundant class oT] 
bodies coDHtitutiug the globe ; they are all oxides, ot 
combinBtiouB of the metalloids before noticed wiUl 
oxygen, for which they have so strong an affinity that 
they are extremely difficult to decompose or to pre- 
aerre in the metallic etate. Hence, previous to the 
brilliant discoverieH of Sir Humphrey Davy, they were 
always considered as simple bodies. The most abun- 
dant of the earths are Hiica, alumina, lime, magnenOi 
and barbies, more especially the first three, whicU 
form the principal constituent of all rocks and soili^ 
n]id, therefore, compose the great mass of the crust or 
exterior of the globe. Silica is seen in its pureet&inB 
in quartz, or rock crystal; it is the chief conatitueiit. 
of all sands, Baodstoace, and of flint, and is estimated 
to form nearly one-half of the entire mass of ths> 
globe. Alumina forms the characteristic ingredient 
of all clays, in which it exists in the proportion oC' 
from 30 to 50 per cent., the remainder being chie^, 
BiUca. Lime forms the basis of all limestones, niarble^i; 
and calcareous minerals, of which it forma from 50 
60 per cent, ; it is always found in combination wi( 
acids, chiefly the carbonic acid Magnesia it 
earth well known from its use in medicine ; ii 
much less abundant than the three preceding, btf 
enters into the composition of certain limeBtonet,. 
and the rock called serpentine- Baryles is still 1< 
abundant, and is only of local occurrence in tl 
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i which often traverse rocka. The reniaiii- 
5 eulhs, stronlian, glvccna, zireonia, yilria, aud 
if very rare occmrence, and, therefore, of 
mportance in a geological point of view. 

,e of purity, the earths are 8,1! white pow- 

I the colourB they aHSume in various minerals 

ing occarioned by an admixture of metallic matter ; 

■ general specific gravity la about 2^. It is 

ratkahle that, while they constitute the moat com- 

n mineral suhatanceB, and consequeatly the great 

B of the globe, that, either in a state of purity or 

e of their rarer combinations, they also con- 

iltute (with the exception of the diamond, which is 

ire carbon) the whole claas of gems or precious stones. 

f The aikaliei have a hot acrid taste ; they change the 

B juices of regetablea to green, and the yellow to 

^wn ; by combining with the acids, they form the 

I of alkaline salts. The alkalies which form 

ctbI constituents are soda, potash, and lilkia, 

:, hkc the earths, combinations of metallic bases 

h uiygen ; the former is by far the most abundant 

dbest known, as it forniB the basis of common salt, 

^ which il is combined with muriatic acid, forming 

btriate of soda. 

The numerous class of bodies usually termed salts 

(re, n» before noticed, combinations of an acid with 

enrth, alkali, or metallic oxide, thus forming earthy, 

Mialine, and metallic salts. Of these three classes 

b have familiar examples in chalk or limestone 

Ktnate of lime), common salt (muriate of soda), 

" green vitriol," which is a sulphate of iron. 
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MlNBRALOGT AS ESSENTIAL TO GEOLOOT. HaTII^ 

now glanced it those conibinalions of the Nmple 
eleraenlary materials of tlie globe which fonn t 
inuneilinte uonscituents of mineral substanccB, we m 
nest proceed to consiiler aiich of thoic mineral bu 
stances themselves, as, from their common dcci: 
rence, ate of the most essential importance to t 
geolugist, and without some acquaintance with whid 
he can inde^ make little or no progress i 
ohject of his atudies. 

Although the actual numher of mineral suhstanoa 
IB very great, and the intricacy of their compoeitioi 
and the nice shades of difference which dietingaisB 
tbem ctHitrihute to lender mineralogy a difficult a 
complicated study, the geological student need I 
but little alarm at the preliminary knowledge of t 
subject which is required of him. The number a 
minerals which enter into the composition of rocfal 
is by no means large, and many even of these may, ii 
the first place, be disregarded, confining atlentioi 
merely to such na are of most common occurrence^ 
and therefore of the greatest importar 

Minerals kntbhihg into the i 
ROCKS. — Of the minerals which usually enter i 
the composition of the loose earthy materials of tiu 
globe, the principal are the well-known auhstancej 
sand, cfay, and /m?, which have already been noticedi 
Variously intermixed and aggregated together, these' 
materials form by far the largest proportion of a " 
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loose (nils, and also of the softer species of stone, 
-nrhtdi are in fact tbe same eubstitncee In a more cum- 
pkclform. Thus, roostkindsof sandstone are nothing 
nwrc ihaa loose sands cemented together ; the softer 
Jdnds of slates, or those mhich readily Eoften and 
Ctnnhle away on exposure to air and moisture, are 
nothing more than indurated clays ; and those kinds 
of limestone which may lie readily cnt and worked 
■R almost the same thine: as chalk, but in a state of 
greater indnration ; while marl, which is often very 
lujd wlien 6rst taken from the ^ound, is merely an 
idnrated admixture of BTgillaceous and calcareous 



Tho inrd crystaUine rocks which often occur in 
id mountainous countries arc certain ly 
len simple in their composition, and not quite so 
easily recognised, yet the great hulk of them ore 
comjiosed of only four mineral substances, quortx, 
felepar, mica, and hornblende, while there are not 
above half B dozen other minerals which ever enter 
ma dtea composition in any very important pro- 
[Wttiun. These are cheifly garnet, auijile, laic, 
tMorite, Khorl, and carbonate of lime. 
MtNKUAi-a FOUND IN VKINS OR BEDS. — Themctnllic 
minerals which are occasionally ioteraperaed 
i^wut the mass of rocks, but fur more generally 
iODllected in certain depositaries occupying hmited 
e* in their mass, are far more numerous, and pre- 
a wide range of study to the proteased mineralo- 
; bnt, teatticting our attention to the most common, 
theicibre tlie most important of them, the nuiiiher 
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which IB at fiiBt essentml to be reci^nised does i^^| 
raceed about a. dozen. These niineralE are the 4^| 
lowing: — iron pt/ntea, oxide of iron, clay ironstojj^^ 
copper pyrites, carbonate of copper, oxide of ft'MJH 
ijalena, blende, and oxide of tnanganese, all of whi^ 
are metallic substances ; of the earthy class we in^ 
fiirtlier enumerate, carbojiale of lime, sulphate igP 
lirae,Jliior spar, und sulphate of barytes. 

As the above minerals are by no means rare 
difficult to obtain, tlie geolc^cal student wOl do w 
to jjrocure a giwd specimen or two of each, and attc 
tively to study not only its external form and appo 
aitce, but its relative bardaess, specific gravity, anAf 
mode of fracture. In this manner an acquainlanotf 
with the above important minerals, altogether scarcejjl 
more than twenty in number, will readily be obtained 
and this ucijitalntance will easily be extended to muq^ 
other substances, belonging to the same classes, and 
distinguished liy the same general properties. 

Although any written description of mineral sub- 
stances can convey but a faint and inadequate idea 
of them, and therefore but ill supplies the place at 
actual examination, the following brief notice of thQ. 
minerals before enumerated may in some cases proi 
useful to the student, and will enable him to recognii 
more readily a substance with which he waa of 
previously acquainted, 

Cbtstallization.— It will be necessary, however, 
in the first place to draw attention to a fact which 
must be well known to most persona — that minerals 
always appear under two varieties of external form, 
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utalline, and amorphous. By the term crystal is 
tnt any substance funned by nature into a sulii 
iNnmded by plane surfaces, forming solid angles with 
eacli other, and thus possessing a more or less symme- 
[1 ait al figure. By amorphous (as the term imjilies) 
^^^bieant a body not poEHessing any regular or symme- 
^^^pal Sgure: it is frequently also called massive ot 
^^^Mpod. Nearly all minerals are occasionally found 
I^WyBtellized ; and, altliougli the primary forma of crys- 
tals are very few in number, they are so curiously 
modified in the process of cryatallizatiun, as to be 
khnott infinitely varied. Of this ralcareous spar 
affords a very interesting e:(ample : it is found crys- 
tallhed tn no less than 500 difTcrent varieties of form, 
yet all derived from a pecidiar rhomboidal figure, 
which i» hence regarded us its primary crystal. 

Dhscriftion of uinerals composing rocks. — 
The following description will convey the moat im- 
portant characteristics of the mineral substances 
before enumerated, as the chief constituents of hard 

KcryBtallinc rocks : — 
varU is almost pure silica; its general appear- 
I much resembles glass, though not generally 
iM transparent : the clearest and finest specimens 
_. often called roeft en/ j/ a/. It is very hard, and 
readily scratches glass, and, indeed, raost other mine- 
nU. When cryEtallized, its form is generally that 
of • six-sided prism, tenninated by a six-sided pyramid, 
m often a six-sided pyramid only. 
• Fetapar is composed of silica, alumina, lime, and 
' .B opaque, of a whitish or reddish colour, 
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Bnd lees hard than quartz, but still capable of scratch"] 
ing glasE. It occurs crystallized in a rhomboid' 
form, and bIbo very frequently maisive ot compact. 

Mica is chiefly composed of silica, alumiua, potad|#l 
and oxide of iron : it is compoBcd of thin pan 
piatea having a bright metallic lustre ; ita colour 
usually light brown or Bometimes black, and 
ptatea ate often very transparent like glass, 
mineral is soft and yields readily to the knife. 

Hornhlcjida is composed of ailicti, alumina, lime, 
magnesia and oxide of iron: it ia a dark green mine- 
ral, sometimes nearly black. It is generally crystal- 
lized in a prismatic form, or rather a confused aggre- 
gation of crystalB ; it does not break readily, is very 
tough, and yields to the knife. 

Garnet is composed of silica, alumina, lime, xti'] 
oxide of iron : it is a mineral of a deep red coloni ai 
well known from its being much used for omamenl 
purposes. There are two species of garnet, the 
mon and the precious ; the principal difference 
their composition is, that the latter containB 
larger proportion of iron than the former. Ganu 
ia very hard, sufficiently so to scratch quartz, and fa 
80 abundant in some rocks as almost to form ortKtf 
their constituents. 

Augite is very similar to hornblende in 
eition : it generally occora in small but very brilHaWt 
crystals, of a brownish or blackish oAjut. It fa 
chieflj found in the neighbourhood of volcanoes. 

Talc is composed of silica, -magnesia, and po 
it nearly resenihlea mica, but does not possec 
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yof thaticinerali it is very soft and uuctiious 
tiitch. 
yilmite IB corapoeed of eilicu, alumiua, oxiile of 
1, And magnesia ; it ia a mineTal of a green colour, 
k to ihe touch, and frequently occurring in small 
ir eryatftlline platea interspersed through other 
maasee. It is abundant in Cornwall, espe- 
Ul; in the tin mines, and is termed by the miners 
The mineral called grae'i eart/i, whidi 
I plentifully in certain rocks, ib very similar to 
s composition, and may indeed be con- 
Bred as taaeiy an earthy variety of it. 

ori is composed of eilica, alumi&a, and oxide of 
1, vnh ft little magneaia, and potash ; its colour is 
Berally black, aometimes green ; it occurs in long 
« -cknely n^regated together, and sometimes 
i by loD^tudinal channels. It is often called 
'' by the miners of Cornwall, where it enters 
4md the composition of certain granitic rocks. 

Ciirbonate of Lime is composed of lime and car- 
bonic acid, in nearly equal propottions, and is the 
cMef constituent of all limestones and calcareous rocks, 
boA earthy aad crystalline, the two extremes of the 
lies being chaik on the one hand, and the white 
odline marble used for ornamental purposes on 
BT. Calcareous rocks are so abundant that 
re been estimated to form one-eighth part of 
ft of the globe. The colour of all pure lime- 
is white, but they receive an infinite variety 
I, aa may be seen in ornamental marbles, from 
^ndmixtureuf iron and other ingredients. Itocks 
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of this claw differ greatly in hardness, but all y 
to the knife. The preeence of lime in rocks o 
rala may readily be aacertained by tbe action of acidS 
whicb occasion an immediate effervescence, from tlH;1 
disengagement of the carbonic acid gas. 

Description or minerals founu in veins- 
NETALLic MINERALS. — The earthy minerals formin 
the chief cunstituents of locks will readily be recc^ I 
niseit from the foregoing description, and we majf J 
now proceed to those minerals, chieiiy metallic, whickj 
are collected in great local abundance i 
masses or depositaries imbedded in rocks, 
cipal of wliicli arc beds or layers, and veint, or t 
contents of long narrow fissures, whicli someti] 
traverse them. 

There arc two characters which tn most CBses * 
readily serve to distinguish metallic minerals from all 
others ; these are'a brilliant metallic lustre, and great 
specific gravity. The latter character is at once 
ascertained by taking tbe mineral in the hand; the 
specific gravity of tbe metallic minerals being in moat 
cases double, and often from twice to three times as 
great as that of the earthy class. 

Of all the metallic minerals, iron is by far the 
moat abundant and the most generally distributed ; 
there is indeed scarcely a rock or soil in which it does 
not occur. Its ores are numerous, but the three 
most important are, iron pyrites, oxide of iron, and 
clay ironstone- 

Iron pyrites is composed of iron and sulphur, in 
nearly equal pro|>ortion : it is brilliant, of a pale brass 
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jeUirw, Mild generally crjstnUized, ofen in culieB. It 
H harJ enougii to Bcratch glasa, and to give &e 
wkh steel. 

Oxide oj' iron is ii'on. combined with oaygeii, snd 
diifers much in appearance according to the de^ee 
of oxidation, and intermixture with other subEtances; 
wme varieties being red and earthy, others of a dark 
broWD colour, and others of a steel gray witli a bright 
tnetiLUic luBtrej the latter is termed specular iron. 
htou in the state of the protoxide is highly magnetic, 
and forms the " native loadstone," but in the state 
of the {icToxide loses its magnetiu properties. 

Claii ironstotw is a very impure carbonate of iron : 
it is generally of a light brown colour, and occurs in 
large nodular masses in our coal-mines. 

Copper pyrites, or " yellow copper ore," is a sul- 
pburet of copper and iron : it is generally of a bright 
yellow colour, not crystallized, and yields to the 
knife, its comparative soflneaa and deeper yellow 
tint will in most coses distinguish it from iron pyrites, 
W which it has some resemblance. 

Carbonate of copper forms two varieties, the blue 
and green : it occurs both crystallized and massive. 

OjX'le o/tin, or common tin ore, generally occurs 
mufive, but is often found in fine brilliant crystals of 
various forms : the colour is black or approaching to it. 

Galena, or sulphuret of lead, is a very heavy mine- 
ral of a bluish colour, and liright metallic lustre. It 
ia gflen ciy'stallized, but more generally masBive with 
« foliated fracture. 

Btentle, or sulphuret of zinc, is a dark brown mi- 
nml often occurring in fine brilliant crystallizations. 



^M vhicb is 

^H upon the 



though more generally maesive ; it U somewhat like 
tin ore, but leae heavy. 

Manganese is always found in the state of an oside ! 
it generally appears ae an earthy substance of a black- 
ish colour, which yields readily to the knife, and is 
Bometimes even eoft and friahle. 

Earthy minkhals. — Carbonate of liTne (fis & lomi 
mineral) is uaually crystallized in a great variety of 
forms, most often in that of rhomhoid : it is sometiniat 
clear and transparent, and posaesses the singular pHK 
perty of double refraction. Itismoregenerallywhitirii 
or yellowish, and only translucent ; it yields to flie 
knife and eServeaceB readily with acids. 

Siilpkale of lime, or gypaura, ia generally aggre- 
gated together in crystalline fibres ; the colour ii 
white or yellowish, and it readily yields to the knife. 

F/wor jj/ar is generally of a purple colour: it occure 
both massive and crystallized in cubes. 

Sulphate of barijtes, when pure, is perfectly whiter 
but is commonly tinged of a brownish colour by sm 
admisture of iron. It occurs massive, forming 'what 
is termed by the miners in the north of 'England 
"cawk," and also very frequently in thin-edged crjw 
tais, which are closely aggregated together. It is 
remarkable for its weight, being indeed the hearioBt 
of the earthy minerals, and is very brittle. 

Relative hahdness of minerals. — Although the 
acquaintance with mineralog)-, which is absolutely 
requisite in the geologist, is by no means estensive, a 
■want of this knowledge is perhaps the greatest obstacle 
vhich is generally encountered by persons entering 
upon the science. The preceding pages will hare 
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k to remove Aia difficulty : it ia pOBKible, 

bf a brief reference to a very obviuua pro- 

leralB, to do still more, and to (vm'ah 

tbe tecognitioii of a considerable 

1 mbstitiices, to tboBe who have but 

IDCC with their other chemical or 

I. tt ■will have been observed that 

ig description frequent reference is 

c((tw hardness of the subataiice under 

d, by tlie mere application of this 

£Dci^ we may obtain a very simple claBBification 

a large number of important minerals. 

Uwe are certain minerals Jiard enough to 

nlcb iftstf, while others, being much softer, are 

ectOe, and yield to tlie knife — evidently important 

1 simple modes of recognition. Tlie principle may, 

mCT, be extended much further: — taking quarts as 

fate a tnaxirDum hardness opposed to glass, there 

fCTCral otlier minerals by which it may itself be 

as the garnet and topaz, — in fact all (he 

3 class of gems. These may again be scratched by 

4vuttond, ^apfluTC, and sume few otlier precious 

its, in wliich are presented the maximum of hard- 

i, IB iact the hardest bodies formed by nature. 

u.then, taking glass, a snbstance always attain- 

i,m our standard, three characteristic degrees of 

nre nt once perceived. 

ITw aame principle is, however, no less applicable 

p the «ofteT class of minerals than to the harder. Of 

jobstancee which are softer than glass, several, 

\jlturr spar and earbimale ofUme, may be cut with 
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a knife, others softer still yield to the nail, as gypsum^ 
micay talcy and sieaUie^ while in naphtha^ petroleum^ 
and riative mercury, we are presented with mineral 
bodies in a state of natural fluidity. 

The following tabular view of the relative hardness 
of minerals was drawn up by the author for his own 
use while studying mineralogy, and may be made 
very serviceable by the student who will apply this 
simple principle to those minerals which he may 
happen to poseess, or which chance may throw in his 
way. As regards the harder class of minerals, the 
experiment should always be made with the points or 
solid angles of crystals, these being much harder than 
any edges or surfaces produced by fracture. 



RELATIVE HARDNESS OF MINERALS. 



Nature of the 
Class. Charaeteristie. Substance. 

I Excessive hardness Precious stones • 



2 Scratch quarts • • Softer gems • • 

3 Scratch glass • • Chiefly siUceons 

mineraU. 



4 Yield to the knife • Mostly addiferoos 

minerals. 



5 Yield to the nail • Aeidiferous and al- 

kaline minerals- 
metallic chlorides, 
&c. 

6 Naturally fluid . • Mineral oils and 

native mercory. 



Names of the Minerals, 

Diamond, sapphire, oriental 
ruhy, chrysoheryl, spinel 
ruby, emery. 

Garnet, hyacinth, topa^ 
beryl, emerald. 

Quartz and oxide of tin — iron 
pyrites and arsenical py- 
rites, chrysolite, felspar, 
flint, hornstone, epidote. 

Fluor spar, carbonate and 
sulphate of barytes, arrogo- 
nite, carbonate of lime and 
calcareous spar, eopper py- 
rites, serpentine, slate. 

Gypsum, mica, talc, steatite, 
chalk, marl, clay, bitumen, 
chloride of silver, chloride 
of mercury. 

Naphtha, petroleum, native 
mercury. 
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The foregoing tabular view will exhibit in a tolerably 
perfect manner the relative hardness of many import- 
ant minerals, and thus furnish a useful guide to the 
student, who may perhaps repeat the experiments and 
enlarge the list with advantage to himself. As regards 
odier characteristic properties, it may be observed, 
that the important mineral hornblende is remarkable 
fiir its toughness, a property which it imparts to all 
nxsks in which it forms a large ingredient. Sulphate 
qfbarytes and galena^ on the other hand, are remark- 
ably brittle, and immediately break into small frag- 
ments under the hammer, while nearly all acidiferous 
minerals are very soft, and readily yield to the knife. 



46 



PART II. 



ELEMENTARY FACTS AND PRINCIPLES OF GEOLOGY. 

Introductory Remarks— Limits ofGeoIogical Investigatioa — Familiar Geo* 
logical Facts— Generalisation. Fundamkntal Facts or GxoLoar— 
Thkokkticai. "Dtvuvriow: Aqueous Ageney^Igneoos Agenej—ViM 
Agency — Generalisation— Identity <^ Ancient Geological Causes wlUi 
the present Operations of Nature — Dudley Limestone— Induration of 
Rocks— Sketch of Geological Theory— Agreement of Geo1og}eal Facta 
with Scripture. Chanoxs or the Eakth's Subvack how in Opkaa> 
7I0N : Changes produced by Aqueous Action — ^Alluvial Deltas^-Under-' 
mining of Cliffs — Drifted Sands — Raised Beaches — Submarine Forests 
— Littoral Deposits — Phenomena of Volcanoes — ^Theories of Volcanic 
Action— Phenomena of Eruptions— Changes of the Earth's Surface 
produced by Volcanic Action — Extinct Volcanoes — ^Recent and Sub- 
marine Volcanoes — Earthquakes — ^Their permanent Effects — Theoreti- 
cal Views — Coral Reefe — Practical Value of the foregoing Facts — Limi- 
tation of existing Changes— Fluctuations in the Level of the Laud- 
Classificatzon 01 Rocks: Tabular view of Stratified and Unstratified 
Rocks. 

Introductory remarks. — ^The preliminary views 
which have now been given will have conveyed a clear 
and accurate idea of all the most general relations of 
our planet, a knowledge of which ought always to 
precede every other branch of geological inquiry. 
The preceding pages have, therefore, conducted the 
reader step by step to the more immediate objects of 
geological science — the internal structure of the globe, 
and the composition and arrangement of the great 
mineral masses of which its crust is composed. To 
obtain a thorough and correct knowledge of these im- 
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int poiiitc, both locally and generally, is the great 

\ect of tfae gealogiBt, and more especially of the 
foraeUca] geologist; and wbea we consider the expense 
and labour of penetrating into the earth, the frequent 
lEcourse which must be bad to such excavntious, and 
tfae Tust utility of the substances which n e^t lict 
from tbeuce, it must at once be seen tha I 3 Lu w 
ledge is of thehighest value, and ougbtt be p es d 
tu a certmn extent, not only by the in n nd en 
gbeer, but also by the architect, the land dp p 
and many others. 

Limits of gkolooicai. investigation. — The ob- 
jects of ;WDlogical investigation, although co-extensive 
witfa the whole mass of the globe, being cousiderably 
Untiled as regards the power of direct examination, it 
will be neceasary in the first place briefly to notice the 
Client sad nature of this limitation. 

A> the vast central mass of the globe must for ever re- 
nuia entirely hidden Irom our view, it is of importance 
ta dciine clearly the esteut of that portion which 
dtber directly or indirectly falls within the observa- 
tion of the geologist. Taking then the siuface of the 
oecflo, as indieatnig the general level of the earth, we 
are acijuainted by the elevntiona of hiUs and moun- 
taina with the portion which rises aboi-e that level, 
while our only knowledge of what lies below is de- 
rived from raiues and other excavations. 

It IB well known that the highest mountains rise 
luLfive miles above the level of the sea, while the 
8 penetrate little more than a quarter of 
t below it; all our direct knowledge therefore 
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is confined within these narrow limits, amountiag- J 
little more than one eight-hundredth port of 1 
earth's Bemi-diameter. There are indeed but fewp 
of the world which afford so large a scope to dir( 
observation, hut by inference we are generally enaH 
to penetrate much deeper than by actual examinatiid 
and it may probably be stated that we are in gened 
acquointed with the mass of the globe for a perpent' 
cular distance, varying from four or five to eight or t( 

It can be hardly necessary to point out how grca( 
our knowledge of the earth's surface is circumacribl 
by the vast exteut of the ocean, which is estimatedi| 
cover about two-thirds of the superficial are 
globe. The depth of the ocean bears, however, butl 
small proportion to ita magnitude; its bed has befi 
shown to he marked by similar inequalities to thow 
which form hills, mountains, and valleys on the lan^ 
and there is no reason to suppose that these inequaliw 
ties are of greater depth or extent than thos 
upon our continents. A large portion of the sea ii 
known to be comparatively shallow, and those depr^ 
sions constituting ita deepest gulfs do not probablj 
ofleu exceed four or five miles in depth. 

pAMiuAft GEOLooicAi. FACTS. — ^Thc Bciencc I 
geology embraces, and is indeed founded upon, i 
many natural phenomena, which are obvious and i 
miliar to all, that it will not, perhaps, be difficult t 
convey a brief outline of many of its first principlol 
by referenee merely to facts which are obvious aij 
well known, or which will at least be generally H 



leed when they hmt been pointed out, nor will 
necesaarj' to embarrass such a sketch with many 
scieatilic terms, or with theories not readily iiitellt- 
gible to the ordinary reader. 

then upon these principles that the present 
of the subject will be attempted; and, after 
ig one or two leading facts, we may co)iBider 
lives aa following the progress of an iutell'- 
it traveller, well acquainted with the preceding 
lentarj data, who, with a view of ascertaining 
general principles relative to tlie earth's con- 
.ralioo, observes with care the physical aspect and 
I internal structure of the country over which he passes. 
J We are all aware that both the earth's surface and 

L^ta interior, so far as is exposed to our view, are com- 
^^Bted of various earthy substances, asd of others 
^^B"* jtnny or rocky nature, and that these substances 
V^Bry in diUcrent places, often at no great distance 
From each other. 

Of the former class, or the' loose earthy materials of 
the globe, the vicinity of London, and the south- 
eaatetn parts of England generally, are esamples— 
here we find, frequently within a short space, gravel, 
day, chalk, sand, and various kinds of earthy Uine- 
Of the latter class, or the hard rocky materials 
are generally however concealed by a supcrfi- 
covering of loose soil), the western and northern 
England, as wcU as large portions of Wales, 
id, and Ireland, afford instances; fine compact; 
trbles, together with different vi 
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€it glatenai lyraruf^, occuning abundantiyin allti 
places. 

Few |)eraona who have travelled c 
(lernble portion of Great Biitain ca 
observed, that, where the former cIubh of substancj 
Or loose earthy matter, predominatee, the countiy 1 
generally low and flat, destitute of mineral pradoi 
tion«, but fertile and well cultivated ; while the iath 
chiBS, or Tocks, generally forms elevated, ftnd ( 
mountainouG and barren districts, in which, howoi 
are situated most of our great mineral and t 
liierouE deposits. 

There are perhaps few facts more obrioua I 
better loiown than that the earthy and etony maa 
before noticed very generally rest upon each otherf 
beds or layers, which are sometimes in a horizoat 
position, and gumetimes more or less inclined to t 



Thia may readily be seen wherever the ground h 
been laid open by a cbalk-pit, a quarry, or any o 
excavation, or wliere a natural section ie preseatedfl 
our view, as by naked masaeH of rock, or by c^h 4| 
the sea-shore; and an intelligent observer, after v 
itig a section of this kind, could hardly fail to r 
nise a certain degree of order and regularity i 
arrangement of these masses. He would probab 
find them to consiet of regular alteruations o 
titioHE of similar strata, as shown in the annexed I 
diagram, where a a, a may be supposed to repreaent 
beds of sandstone, and h b b beds of limestone, lying 
between and beneath them. 
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Sbould tt difiierent line of coast, or an escnvation in 
soother part of the country, receive a aimilur exa- 
tDUution, the Baine facte would probably be obaervetl, 
« oatuie of the strata would perhaps be entirely 
mt from the foiroer. The inclined position of 
8 (for they generally dip toivards Homc 
f the horizon) would at once show that such 
ctianges are occasioned by those beds which in some 
plucea appear at the eurface, being in others buried at 
B immense depth below it, mid mee versa, the exte- 
e globe being thus in fuct composed of va- 
B beds or strata, emerging from under one another, 
Qie manner shown below.* 




' Conneelea with Ihe subject of ri™(i)!™'M"i there aie a few 

Molugical ieraia which will requiiu explftnation. The point 

' f the liediorstratEiriac totbesuiface iBcallEd their ioxcf 

iffrcip; the uigle at which they ioctine below the horizon 

eit ^<f ; the tine Tormed by their Dutcro[i at the sucrace is 
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Sliould the observer we are supposing continue t9 J 
pursue Ub rcaearchea (which we will assume to havi 
commenced in the neighbourhood of London o 
of the adjoining counties) into some of the more i 
mote parts of England, as Devonshire and Comwi 
or into some of the northern districts, as Westmor 
land and Cumberland, he will probably notice apm 
striking difference in tlie internal structure of the" 
country, as, instead of slightly-inclined beds of clav, 
or chalk, &c,, he will End the interior to consist of 
granite, sei-penline, greenstone, or basalt, rocks show- 
ing no appearance whatever of regrdarity or stratifi- 
cation, but appealing to shoot up from below, in rude 
and abrupt columnar masses — thus : 




theii bearing or dinclion ; the perpendicular distimce betveen 
their upper Bad undei nurliice is ol cauise their Ihichnea. A 
Mlralum of rock is not uufieqnenlly divided into subordinate beds 
01 /uj«ri by joints pariillel to its bouading surfaces, and these 
are not uofieqiicDtly crossed again by vertical joinfi, dividing 
the whole maag into cubical or thomboidol masses. Some 
still further subdivii 



rocVs, as slatea, 

parallel joints, or lines ofclravage, i 



ecdii 






a the last term of the geological ei 



, by innumerabla 
igly thin Ann MET, 
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■e aie, perhaps, few circumstances more gene- 
Ij known, or which would sooner engage the atten- 
b oT the ohacrver, than the occurrence of what are 
''petrif actions," or tlie mineraliacii remains 
■ sreat VEiriety of animal and vegetable produccioiu, 
:en occur in rocks. It would not re- 
t much esamination to prove, that, although in 
mie strata, as the clay and clialk around London, 
they are very abundant, in other rocks, as granite 
md many kinds of slate, they are never known to 

Sbeald ihe position of these interesting reticH, with 
itifln to the rocks in which ihey are contained, re- 
K attention, it will immediately strike the observer 
It it ii only in those substances which are disposed 
1b or layers that they occur, while it is in tliose 
1 form abrupt and colunmai masses that they 
entirely wantiug. 

1 another fact connected with the subject 
k could hardly escape notice. In some parts of 
t-country certain fossils are so abundant as to he 
■known among the peasantry, and to have received 
IT local names supposed to be descriptive of their 
I or origin. Thue the echini, so common in 
k dietricls, arc in some places called "shepherds' 
' the ammmiites, which are so abundant in 
J parts of England, are called " snake- stones ;" 
tile Memnites, so plentiful in the same localities, 
are called "thunderbolts;" while the entTocltiles of 
Derbyshire and the northern counties arc locally 
tcnned " screw-stonee," and, in some parts of York- 
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shire, " pipe-Btoppere." If this local abimdaaoe 
ptirticttlar fbeeUe, eo stnlcmg ae to cause familiar | 
pellations among the labiiuring population, should i 
ceive attention, the ubEeirer would fiud that, ■ 
any species of "petrifaction'' abounded, some j 
cular kind of rock would also iirevail, in which it 4 
usually found imbedded. Thus, then, a close cu 
nexion would be established between rocks and fosi 
the one being evidently to a certain extent chaiBCta 
iatic of the other. 

Should any attempt be made to classify the v: 
rocks which have been the subject of the pree 
observations, there is one very impurtant chat 
which will nt once serve to determine them into t> 
great divieiona — that of stratification. Thus, all thM 
masses found in beds or layers may very appropriat 
he termed strained rocks, while those occurring ii 
abrupt and shapeless masses may in the same n 
receive the name of UTisiratified rocks. 

Thus then we eslablieh one of the most impoit 
claasifications in geology; and, as before stated^ ^ 
may also observe, as a general principle, tliat th&ft 
mer claae is fossilUfernus, while the latter i» n 
fossilliferous, evidently another distinction of e 
siderablc importance. 

If the aspect and composition of diese two gi 
classes of rocks should receive further attention, & 
ther very marked difference will be found to prevai 
The stratified rocks, however varied in appearauo^ 
will be found to consist almost entirely of those W " 
known subetnuces, sand, clay, and Hihk, variousl; 
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iggregftUd together, in the forms of sands and sand- 
f.Mmes, aud still more compact siliceous Tocks — as 
I, ilate-i:tay (or shale), ajid compact stale — as 
;, Hmeslone, and compact crystalline iiutTblc. 
f luutntified rocks, on tlie other hand, will be 
r all tiieir various forms and aspects, ta 
Brinetpally composed of crystalline aggregations 
E four mineral substances previously described; 
I, fuar<=, felspar, mica, and hornblende. The 
: of these substances we are beat ac- 
d with in the ehape oi i/ranite, which consists 
k dMtioct aggregation of each in a crystalline 
Ths latter is perhaps best known in the 
smed greenstone and basalt, to the former of 
b it trapnirts its characteristic hue, a deep green 

A> regavda the relative position of the stratified 
ind unstratified rocks, should this happen to be ex- 
posed to view, either by excavations or by cliffs along 
the shore, the observer would probably find that the 
bntier have the highest relative situation, and rest 
u{M)n the tatter, which would be seen rising from be- 
oeath tliem, ss shown in the accompanying eketch. 

,Tha pcevitilbig siilistancc iu granite is generally llio 

of a whitish or SDmetimiiE ut a redilish colour. 

0|l«que, and occBsionally ciysitiilliied in a. thombolilal 

Tho ipiarls a rather less ahiinilQn 

and of A glosty appeiiiaDCU. The mica a dis- 

tbtoughdut in small glisleulog ptatei ; the cdIoiu; it 

and the appcutance metcUic. 
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Fig. 6. 




On viewing a section of this kind, in wbich the 
junction of the stratified and unstratified rocks was 
exposed to view, the ohserver would prohahly find 
that the former were of a more crystalline structure, 
and were thrown into a more inclined position than 
he had previously seen, or they might perhaps be 
bent and contorted, circumstances indicating that 
these irregularities of position were connected with 
the presence of unstratified rocks, even in cases 
where the cause might not be visible. The annexed 
sketch, Fig. 6, represents contortions of Grejrwacke 
slate occurring in Cardiganshire ; and siich irregula*- 
rities of the strata are common in most mountainous 
countries, unstratified rocks being always most abun- 
dant in abrupt and elevated districts. 

Fig. 6. 




Generalization. — We have now, then, traced 
some of the leading facts of geological science, in 
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Ifce order in which they may be supposed to present 
themselves to an intelligent observer, whose attention 
was liirected towards the iDternal structure of the 
earth; and in so doing have indeed only followed 
the footsteps of some of the earlier cultivators of 
geology, although placed by their discoveries in a 
position to arrive much more expeditiously and cer- 
tainly at the same rCBults. 
^^V< If we now proceed to generalize these facta, obvi- 
^^^■db in themselves, and accessible to every one, many 
^^Hpf which indeed the reader may previously have ob- 
^^^^erved, although not conscious of their importance 
andvalue, we shall arrive at the following interesting 
conclusions, which arc in strict accordance with the 
observations of geologists in every quarter of the 
globe; and may therefore be considered as forming 
the foundation of the science, so far as it consists of 

»&c(s; — of theory, further than what appears indis- 
pensftble to a proper understanding of the subject, 
fjllit little notice can be taken in the present outline 
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1. The exterior sohd mass of the globe is com- 
posed of various loose or earthy, and of various com- 
pact or rocky, materials. 

2. The former, or earthy substances, generally 
constitute level and fertile tracts of country, destitute 
of mineral productions. 

. The latter, or rocky substances, generally form 
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mountainous and btrren districts, which often con- 
tain the orea of virioua metals, as iron, lead, coppa^ 
tin, &c. 

4. These materiaib, constituting the exterior of tbs 
globe, ^ry generally occur in beds or layersy vasting 
one upon another. 

5. In. some places, however, and more especiaUf 
in mountainous countries, there are vast and abnipt 
masses of gromite and other rocks^ having no iqppear- 
ance of stvati-ficatioii. 

6. Those material? occurring in beds or layem are 
sometimes in a horizontal position^ but often more or 
less inclined to the horizon, and sometimes even bent 
and contorted. 

7. The inclined position of certain beds< frequentljt 
occasions the diversity of sc»l before mentioned, hf 
bringing different masses in succession to the surface, 
which in other places must lie at a great depth b^ 
low it. 

8. The space thus occupied at the surfieuse must 
generally be much greater than the absolute thickness 
of the bed itself. 

9. A certain degree of order exists in the distribu- 
tion of these masses, which are by no means promis- 
cuously thrown together. 

10. Some of them contain numerous fossil remains 
imbedded, as shells ^ corals ^ fishes^ bones of land 
animals, plants, trees, &c^ thus indicating great 
changes to have taken place in the condition of the 
globe, more especially as regards the distnbutioa of 
laud and water. 
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I, kl. Olhers, aa the Gontraiy, preBent no tTsces of 
org&tnzed bodies. 

12. These fossil remains are entirely confined to 

Bnrthy Bnd rocky ntoBtea, which are disposed 

( « layers, while they are never found in 

which appear in rude, irregular, and columnec 



Li?:'"" 



13. Cert&in species of fossils ore most abundantly 
iwiid in certain kinds of rock, and may therefore be 
considered oa characteristic of them, 

14. All the various solid masses constituting the 
Btcrioi of the globe, admit, on the preceding gruunds, 
id a cDuvenieuC aepuratiua into two great divisions^, 
■hiflh Biity be termed stratified and vnslratified iock% 
la which the. further diEtinction of fossiUiferous andl 
"M-fossiiUj'erotts may, in general terms, be respect' 
intgr applied. 

15. As regards their actual compueiuon, nearly the 
"hole DtasG of stratified rocks, or those found in bed& 
«t InycTB, may be considered as sand, daij, and lime,. 
ruimialy aggre^ted together, in forms more or less 

fwed in the same manner, the whole masB< 

1 rucks may he considered as ag^rei.^ 

B oif a few mineral substnuces, chieiiy quartx^ 

', vaea, and kombiende — these agpregationa 

ktJways of a crystnlhnc texture, and possessing 

s coaaideruble hardness and compactuesa. 

\ la reference to the relative position of these 

it claaaes of rocks, with regard to each other, 

fratiGed rucks, in most caaee, occur above, and 
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the unsttatified rocks below; the one, aait were,f( 
ing the foundatioTi, while the other constitutea 
Buperstructure of the globe. 

18. The inclined position of the stratified 
most remarkable in the neighbourhood of those wl 
are unstratified ; and ia these aiCuatione they 
times exhibit great dislocation and contortion, a 
as a mure crystalline stTucture than eleewhere. 

THEORETICAL DEDUCTIONS. 

After thu3 recognising many of the fundamen 
facts of geology, it would be difficult for the obae 
Ui avoid speculating on the various phenomena wbi 
he had examined, on the varying conditions of ! 
earth's surface which they indicate, and on the cau 
from wliich they might have originated. The i 
impression ou the mind would probably be, that! 
Btratified exterior of the globe, far from being c 
temporaneous, had been gradually buUl up, as it w 
into its present form, and that the earth once esi 
in a different state, and under different clrcumgtai 
from what it now does ; a fact testified by the i 
istence of shells and corals in a fossil state, far j 
moved from the sea, and often at elevations of e 
thousand feet above its present level, by the oca 
rence of magnificent plants and trees of unknoi 
species and tropical growth imbedded in our quart 
and coal-mines, and by innumerable bones and fn 
ments of enormous and extinct animals, buried 
various strata deep below the surface. 



^'nuB conclusion would be perfectly juat nnil rea- 
naUe; and decisive mdicatioiiB are not wanting of 
are of the agents employedj in the miijlity 
Q of successively remodelling the face of tlie 
it, and finally bringing it into its present con- 

p!&qtrsocs acbnct, — When we view the vast accu- 

luion of the Htratified rocks, cDnsisting of almost 

Inumerable layers resting one upon another, often 

a great measure of loaier-worn fragments 

f fiebble'St evidently derived from other strata still 

1 scries, or more geneiidly of finely-com- 

iiauted tedimeDtaiy matter ; when we find these layers 

jnlly containing in profusion corals, shells, and 

iaJUhei in a fossU state, the conclusion is obvious 

S inevitable, that they were formed by the agency of 

biw. and that the apace they now occupy must, at 

■ne remote period, have been the bed of the ocean, 

I, owing to some mighty revolution, has since un- 

me considerable change both of situation and of 

itiTe level. This conclusion indeed is so evident. 

It we find it distinctly recognised by one of the most 

il tiriUre of antiquity, Ovid, in the well-known 



" Vidi factax ejc ffli^uoro terraai 

£t piocul a [leliLfja, cuDchEB jacuEre matins." 

kloKBOtis AGENCY. — The origin of the unstratil 
B of rocks is certainly of a less obvious nuture, yet 

B deductions respecting it are equally satisfactory. 
n their not being disposed in beds or layers, and 
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^^ have 



from their containing n 

■strDDgeat negative proof that their origin was not 
mentary, and that it had no connexion with the a{ 
of wafer. 

On the other hand, the modes in which they a 
in all cases strongly countenance tlie idea of injec 
from below ; often, indeed, this mode of formation ii 
once apparent, and their occasional striking r 
blance to the .products of existing volcanoesshowa tl 
the agency by which thoy were produced v 
tuhterranean heat, and therefore closely lesembl 
if not identical with, volcanic action. 

Ae these views, however, do not admit of e 
ready confirmation as those adduced with i 
the origin of the stratified rocks, one or two 
facts in support of them may not be misplaced. 

When dykes, or masses of basalt, i 
with beds of coal (a citcumatonce which often ha 
in the north of England), the coal in its vicinity is 
rally found to be converted into coke or cimdttr, c 
proving that, when the basalt aasumed its p 
position, it must have been in an intemiely I 
Btate; and as it now occurs, completely filling V.'p (I 
gular rents or cliasms in the coal-strata, there ci 
no doubt that when ejected from below it wae in<l 
state of actual fusion, and that the strata were fna- 
tured by the force which propelled it upwards, 
further proof needed that such ia the origin of baaalt, 
it would be furnished by the fact that thie rock often 
exactly resembles the more compact lavas knoT 
have issued from volcanic craters, this resemblanoe 1 



i resemblanoe I 




Itflo^ely to extu-Qnl texture antl appear- 
p actuitl chemical campasitioiL 
We have thus clearly eetablitiUed lihe igneous origia 
of QDe member of the uaalratified claee of rocks ; and 
it if nif&cieat to obeerve timt, V; equally satisfactory, 
tboDgk perhaps less eelf-^videiit Teaaamng, the saxnc 
nigi'D may he oBcrihed to all the rest. In tliis 
Binmer it will be seen that, by a strict prucess of 
■iidiictiFe reaaouing, we are enabled to arrive at 
CDDcUuiaDS, no less intflrestiog than important, with 
r^urd tu the nature of those powerftil agents cm- 
pkoied in modifying the original materials uf the 
IS\<Ax, and in giving them their preeeat form and 

Vital agbnct. — On examining etill more closely 
into (be nitture of the mineral masses constituting the 
^be, we should occasionally meet with strata almost 
eutiTely compoeed of sheila and corals, cemented to- 
gether into a solid rock ; we must therefore add a third 
oocaaional agent — vital or organic action. 

GmsEB*i.iz4TtoK. — It will hence be seen that on 
irniple and intelligible grounds tiie formation of the 
mdki Rnd strata, composing the crust of the globe, 
bowever various in their nature and appearance, may 
ahrays he referred to two principal cauaes — oceanic 
igency on the one hand, and volcanic agency on the 
we have a general mass of stratified rocks 
a large portion of tlie globe, which admit 
c comparison with those sedimentary deposits 
« now being formed by the ocean in situations 
t loose nMtterials are swept into it by rivere, or 
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drifted by currents from the wearing down of cUSk^i 
while beneath and protruding through this coTerJa 
there are vast unetratified niaBses nearly analogoua 
the liquid mioeral matter which is now poured fori 
by volcanoes. Further, in addition to these genefl 
^ents, shells aud corala have in eome situations coi 
tributed a large proportion of calcareous matter C 
wards the materials of the glohe. These univen 
and striking facts form the foundation of all g 
theory, and for this reason they are thus prommenlil 
brought under the reader's notice. i 

Idbntity of ancient geologicai. causes wr< 

THE PKESENT OPERATIONS OF NATURE. Having ft 

eatahliahed these great prmciples, we may bowe^ 
proceed much further, — we may examine into t 
nature and conditions of those sedimentary depooft 
which are now ia process of formation, whether I) 
the sea, by lakes, by rivers, or hy mineral and ther 
springs, and wc may then proceed to investigate t 
points of similarity between these modem deposig 
tions which are actually taking place before o 
and those more ancient and extensive ones which wii 
formed when the " Spirit of God moved upon the li 
of the waters," and brought the materials of the glob 
before " without form and void," into their preaa 
orderly and beautiful arrangement. The resulls ^ 
this investigation, with the collateral aid of z 
and botany, form indeed the great mass of geologi^ 
science ; and, while deeply inteiesting as unfoldifl 
the early history of the globe, they are distinguishfl 
by a certainty and precision which alamps them \ 
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« double value. Not only is a close analt^y esla- 
bhed betweea the present opertttionB of Nature and 
eraocient workings, hut in many cases a cnmiilele 
(tfify; in fact, the whole series can be shown to 
kforraed one unbroken chain, every link of which 
M be distinctly recognised. 

aua, then, the origin of every stratified rock may 

ifliiict^ traced ; tome, as the chalk, being marine ; 

B the Wealden, formed in estuaries ; while, as 

he Isle of Wight strata, we are occaaionally pre- 

d with alternating layers of marine and fresh- 



EFbiftabeoIutc identity of modem agencies with the 
It ancient operationa of nature, and more especially 
irilJi those vast processes by which the earth received 
,1B present form and structure, is a proposition of so 
mach geological importance, and at the same time so 
little in unison witli the received ideas of p n not 
; with the subject, that it m y b w li 
w simple demonstrations of its rr 

Pnong modern aqueous formations, b 1 f f 
U of loose sand, and of sand and pebbl 
ed, are the most common, and to tl 11 

r there is no great resemblance, s 11 m y 

thing like an actual identity between the 1 
•nd the hard compact layers of rock wh 1 f ra h 
tartlt's surface. Although the latter lin 1 d 

opon and modified in their tei:ture and app by 

rav/t» jwwerful indurating and conaoHda g g 
ifco geologist can, however, readily prove that all clays 
ud nifties were originally soft mud, that the hardest 
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sandstone and quartz rock was originally loose Band, 
and that the conglomerates, or *' pudding-stone" rocks, 
so common in the north England and elsewhere, and 
often so hard as to defy the miner's pick, were origin- 
ally nothing more than loose shingly heds. A few 
only of these proofs will be here sufficient, and tli% 
examination of a small number of characteristic geolo- 
gical specimens will at once force conviction on the 
mind. 

When we find any substance containing an exact 
impression of the form of a body, there can be little 
doubt that the substance thus impressed was originally 
soft and yielding, whatever its present state may be ; 
but if the body from which the impression is taken is 
itself soft and fragile, and the impression is received 
with the most perfect accuracy and minuteneae, the 
original softness of the substance bearing the impres- 
sion amounts to an absolute certainty. Now this is 
precisely what happens with the most indurated clays, 
shales and slates, in which the most beautiful im- 
pressions of shells and plants are very frequently pre- 
served, thus proving their original condition to have 
been that of very fine soft mud. Sandstone, however 
indurated, may in the same manner be traced back to 
its former state of loose sand, for it has often been 
observed in quarries that the upper face of the layers 
of sandstone are perfectly impressed with the ripple of 
the waves, in the same manner as we now see the 
soft sands on the sea-beach ; further than this, sand- 
stone has been often found to contain those singular 
impressions called omithicniteSy which are well ascer- 



d lube footslepe oflBr^ exliact species uf birds. 

rale rocks rarely contain orgauin iiiipreeaitiiis, 

r violence of the water in whicli tliey were 

J bwdlj atliuitting of such, an occurrence ; but, 

□ the mode in which t!ie niateriuls uit ar- 

d and the obTJouB nature of tlie cementing jirin- 

I, lliey may always be referred to the original 

a of luoee shingly eaiid and pebbles. 

jY LIMESTONE. — The esaminalioii of a fen- 

3 geological specimens will at once render these 

» apparent, and the student would do well to uh- 

B charueteristic piece of the " Dudley limestone," 

IhdiOttld form one of ihc earliest specimeas in his 

. The instructive nature of this ruck will best 

t uttdeniood from a brief description of a specimen 

» Ijing before the author, and it will be seen how 

nirably itexemphfiesthe principles which have just 

a stated. A thin slab of rock about a foot square, 

rf ft calcareous nature, is covered on its upper »ur- 

li foseil shells, curals, nnd the singular crusta- 

1 aoimals called irihbites, all in a state of the 

It exquisite preservation, and lying imbedded iu 

! precisely in the same mauuer that recent 

■ and branches uf coral are strewed over the bed 

e present sea. An examination of the nature of 

, and the distribution of the fossils on its 

B, will at once render it evident that in its original 

it formed a thin layer of calcareous mud spread 

e bottom of the ancient ocean, and that the in- 

8 of tliat ocean have been fixed and mi- 

d upon il, precisely in the position in which 



68 ELEMENTARY FACTS AND 

they happened to lie when the next succeeding layer 
was deposited, and in which they became enveloped. 
The Dudley limestone is a rock which lies consider- 
ably below the coal-formation, and indeed close upon 
the verge of those strata in which organic hfe first 
makes its appearance. What spectacle then can be v. 
more interesting than thus to see embalmed in the 
solid rock some of the earliest inhabitants of our 
planet, precisely in the mode in which they naturally 
lay on the bed of that ancient ocean, which existed 
before perhaps a tenth part of the surface of the British 
islands was raised from the waves, and before those 
plants of luxuriant growth existed, which in the long 
course of ages were converted into our greatest na- 
tional treasure — our beds of coal ! 

Induration of rocks. — The mode in which the 
soft sedimentary deposits of the ancient ocean were 
converted into the hard and compact rocks which now 
form the surface of the globe, is of course an interest- 
ing subject of inquiry, and will be treated on in the 
latter part of this volume. It is sufficient here to ob- 
serve, that this change is chiefly owing to three general 
causes — the influence of subterranean heat, consohda- 
tion by pressure, and the chemical action of cementing 
matter, which even in recent deposits often binds 
loose materials together into a hard solid mass.* 

* Instances of the induration, or rather consolidation, of loose 
materials, from the vast pressure of the superincumbent strata, 
are often observed in mines, in cases where rubbish has been 
thrown into old excavations, so as to fill them up. For the 
following very remarkable and well-authenticated example, 
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Smtcb of cBoLOGicAt THEORT. — It would for 
exceed om prescribed limits to enter into the aulyect 
of pwlogical theory further than appears requisite in 
I ordtr to obtain a proper and comprehensive vi(^w of 
f tic nature and causes of geological phenomena, with- 
Ut which a bare detail of facts could possess little in- 
sist, and indeed would hardly be intelUglhle. The 
(H'owing sketch will hrieflj explain the nature of 
6 great revolutions which the earth appears to 
V uodergone, and from which its present state has 

ih Mcnned in Slaffacdahire, I hid indebted to my fciead 
ijlin PtOwrich, Esq., Secretary uf the Rhymney Iri>n Com- 

" Whiie at the WadoeBbuty Old Pavk Iron works in Uie 
IT 133E, I wu inrai-med by a pitman of the name of William 
t, who bad li«eu employed tlierv for raany yean, and whi> 
laidecable jntolligence and worthy of coaBdence, 
ll tie bad witnessed the fullowing remoikablu fart in the 
wwkiag out of a net of veins of ironstone, to embrace the 
wluils of which the mine woikiujrs were carried ooarlv seven 
tect iu height. The working being entirely carried on upon 
the ' lung-wDik' Eystem, the whole of the mineral was ex- 
tncted without leavin;; any pillars, but the mine rubbish bciti); 
lamed back and 'gobbed up,' quite filleil the cxcnvation. as 
cIoH as it could be packed, to the roof. About two yums after 
6a» ran^ of the mine had been worked, il became necessary 
to dciie across the old workings fur air, when il was discovered 
that the pressure of the superincumbent strata hnd bi-vn so 
great as to squeeiti down the mine'rubbish originally stowed 
■«mj irvtn/tti kigh to only twofiti in MiRitnrti, uud the effect 
ptoducid un the rubbbh itself was, that it presented the ap- 
pcalnnre of one entire mau nfroci. and was so hard that ihe 
miners were obliged la Uasl it tcilh paicder ia order to drive 
through it." 
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resulted. It should be stated that in larger waiial 

the following theoretical views would be more appitfi 

priately introduced ai deductions from facts, and € 

contrary mode is here adopted as a matter of coni^ 

nience only. * 

It is evident, from what has been before stated, tlutf 

oceanic agency on the one hand, and volcanic ageoffj^ 

on the other, have been extensively employed in gtvirig 

the earth its present form and structure. The volcanii 

agency here alluded to must not, however, be coBh 

founded with that which is now in action ; although 

perhaps the same in kind, it was more intense M 

power, and infinitely more extensive in operation. Ijt 

would appear indeed highly probable that one of the 

original conditions of the globe was no other than i 

fused mass of volcanic matter, destitute both of 13k 

and organization, and evidently in a state to preclude 

the possibility of the existence of either till it had 

undergone great and long-continued modification ; OTy 

should we carry our ideas still further back, to e 

period 

" Ere Time intruded on the silent reign 
Of vast eternity," — 

we may contemplate the primeval state of our planet 
as a wide extended vaporous mass similar in its na- 
ture and appearance to the nehulce which now engage 
the attention of astronomers. The former existence 
of heat sufficient to fuse the materials of the globe 
appears well attested by geological phenomena ; and, 
should a still greater degree have prevailed, which 
seems by no means improbable, a nebulous condition 



Ithtnl/Eea the reanlt. Subsequently to tbe rc- 
C poind, when tin; nebular mass was cnndenscd 
t itt [jreaent sphevoidal form, but Btill intensely 
i, "dark illimitable ocean, without hound," ap- 
nta bave ptirvaikd over the face of the globe, in 
f which at inlervals abrupt iusuImt massea 
in-diaiiiB were upheaved from below by 
trtilstona of the heated mass. The conae- 
a of the oeeau, and the gradual action 
; agency, wearing away these elevated 
IT to have given rise to the earlier iedi- 
sifs, or those reeling immediately on 
ititied rocka, which are themselves piHtiaae 
I »okanic matter. Similar procesHes appear 
' lued throngh a long succession of ages, 
, regulated probably by unknown 
; from time to time the original in_ 
i, together with new and more eiteiided 
t, vhich would now consist partly of volcanic or 
ilified, and parlly of sedimentary or stratified. 
In this manner fresh lines of cuast would 
W eratiiraally presented to the action of the agitated 
I, and the rivers which would then bccijnie ne- 
j to drain tbeae tracts of dry land would aiford 
Id TOaterials for new sedimentary deposits, some 
h would still he oceanic ; while, as tlie earth 
f fqiproximated towards its present conSgura- 
fould originate, as now, in lakes and 
lius, in process of time, the original 
fs itnd chains i^ould become mantk4 



around aod partially concealed by their preaeut thiclt 
covering of stratified deposits. 

While these changes were going on, the earth n 
pears to have received life and orgauization in pi 
portion as it became fitted for ita development, 
the ocean originally jirevailed, so corals, shells, a 
marine animals, appear to have been the earliei 
inhabitants of ihe globe, their mineralized remajolf 
being found abundantly entombed among the lo? 
and consequently oldest, fossilliferous strata. Ai 
earth gradually advanced towards its present statt^ 
corresponding changes of organization appear to hayf 
taken place. Thus, as the continents gradually aroa«^ 
they became covered by luxuriant vegetatiou — all 
lakes and BeBluaries were formed, they became t 
anted by enormous rejitiles and amphibious anirai 
As the continents and islands became more extended 
vated, as, in fuct, they approsimated 
c nearly to their present state, land animals « 
introduced ; and on the earth's at length attainiai 
the configuration which now exists, those forms t 
animal and vegetable life \vhich we see around i 
had by slow degrees been placed upon ita surfao 
and Man, of whose esiateuce no previous trace ca 
be found, appeal's finally to have issued from fl 
hands of his Creator. 

The stratified portion of the earth's cruet harioj 
been deposited by water, stralum super stralum, anj 
different organized beings having existed ateuccesaivi 
periotJs, it follows that, independently of the age de 
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i ftom superposition, a relative antiquity is as- 
jjnable to each Htratum, dependent on the nature 
1^ (be /tHsils found in it, or the races of animals and 
jpuMes which were co-csistent at the period of its 
fgiutl fonnation^a geological fact of great irapoit- 
t, u contemporaneous strata are by no means co- 
nisive with each other, and in many case?, there- 
f, csa only be identified by the fossUs which they 
These successive creations of organized 
I, each subsequently buried in the sedimentary 
Ift of their own epoch, will at once explain the 
•valeuce of certain fussils in certain rocks, a fact 
previously noticed. 

Supposing the earth to have been originally a fused 
mass which has cooled down, and by the operations 
above described been gradually enveloped by accu- 
fDulaiions of earthy matter, arising from sedimentary 
deposition, all of which are very imperfect conductora 
of heat, it will follow that the general climate, or 
istber tcmperaiure, of the globe must have altered 
much during this process of refrigeration. In the 
firat place, this temperature must have been very 
high, and in great measure independent of the solar 
induence, while every auccesaive change must have 
mished the effects of central beat; and, as this 
■nal temperature was withdrawn, climate as it 
p exists, or the heat of the sun modified by the 
1 circumstances of the globe, would be pro- 
uvely developed. 
Ut such has actually been the case appears to be 
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well eatabUshed. The lower fossilliferoua strata in- 
dicate by their organic ren^ains, both animal wad 
Y^etable, the existence of a very high temperature, 
presenting forms closely analogous to those which we 
now find to prevail only in tropical regions. Guided 
by the same principle, we find a great diminution of 
temperature in the higher fossilliferous strata, and in 
the highest and most recent probably an identity of 
climate with that now existing* 

While the stratified crust of the globe was thvs 
gradually forming beneath the primeval ocean, we 
have abundant evidence that various portions of it 
were often elevated and thrown into inclined and 
contorted positions, by lines of volcanic eruption 
issuing from beneath, and forming the nucleus of 
some of our present mountain-chains. Subsequently 
to these movements pyrogenous masses of less mag^ 
nitude, but still far more abundant and extensive 
than those produced by existing volcanoes, were fnft- 
quently thrown up from the interior of the globe, 
shattering and dislocating the stratified deposits, and 
often filling up the rents and chasms thus formed 
(as already noticed in the case of basalt) with fused 
matter. 

This matter has sometimes spread but in vast 
sheets, resembling modern lava-currents, which have 
again been covered by sedimentary strata, of which we 
have an example in the " toad-stone" of Derbyshire. 
In other cases it has been poured out, and accumu- 
lated in enormous masses, on the existing surface of 
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the globe^ which has happened with the basaltic rocks 
neaTBudlej, in Sta^rdshire, and those forming Ar- 
thur's Sett, Salisbury crc^s, and other eminences 
nev Edinbui^h. 

It w to these great volcanic movements that the 
inclined position of the stratified rocks before noticed 
i« in most cases owing, and also those singular dis- 
IbcatioDs and contortions which in some places dis- 
tarb their original regularity of position ; for matter 
deposited by water cannot, excepting in certain very 
nre cases, assume any^ other than a horizontal, or 
very nearly horizontal, arrangement. It is also to 
die pnndmity of vast masses of intensely-heated vol- 
canic matter that the induration and crystalline stmc- 
ture of the stratified rocks, near their contact with 
the tmstratified rocks, is owing, a partial fusion and 
re-arrangement of particles having been thus pro- 
dnced. 

We have now briefly and hastily traced the nature 
of those changes which appear to have acted at re- 
mote periods on the crust of the globe, and from 
which have resulted the beautiful variety and adapta- 
tion of its surface which we now behold, changes 
by which it has been made subservient to the wants 
and habits of the innumerable organized beings which 
now inhabit it, and more especially fitted for the 
homan race. 

When the stupendous agents then in action had 
accompHshed then- destined purpose in producing the 
lofty mountain stored with mineral treasures, the 
gentle undulation of hill and dale covered with rich 
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sedimciitary soil, the extent of dry land required fi 
the habitation of man, with at! the numeroua adaptfj 
tions to the supiwrt of life and vegetation which if 
find aiound ub — when all lliese ends hud been occo 
plished, a slate of equilibrium appears t 
sued. Volcanic action now became confined to 1 
comparatively few points, the craters of e:dstira| 
volcanoes, in which it still continues to act, but » 
greatly- diminished energy. The ocean appears a 
to have been restrained within its preaenl ]sm\^ 
with tlie esception of small and local variation^ 
whirh will be hereafter noticed. 

Tliere are, however, decieive indicalions, tliat larttj 
portjous of the surface of the globe have been mat 
times subjected to great irraptinnB of water, one q 
which has probably occurred subsequently to this p 
riod — revolutions largely fatal to animal life, i 
which may even in some degree have altered 1 
aspect of the earth's surface, although perfecttf 1 
distinct from- those preceding revolutions by whi 
that surface was formed. 

These tremendous irmptions of water have atn 
almost every portion of the earth's surface with \ 
superficial covering, formed by the promiscuous rnio 
of all the various rocks of which that surface is com- 
posed. This covering, which will hereafter be de- 
scribed, is generally termed " diluvium, " by geolo- 
gists, and we have examples of it in the superficial 
beds of sand and gravel occurring in most ]>arta of 
England, and often contaiuing numerous bones and 
teeth of land-animals, as the elephant, rhinoceros, 
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^^^^npopattnuB, &c. These aniniais Diust have in- 
^^^ftbitcdlhe globe ut the period these great catastro- 
phes occurred, and have been destroyed by them, 
their remains lieing eotumbed in the ruins thus cre- 
sted, anii deposited, together with that nain, in a 
geufml euveriug over our plains and valleys. 

Oiie of tbeae great events niay reasonably be con- 
derad as identical with the Mosaic deluge, so fully 
do the records of nature and of revelation agree in 
»tUniog a curuparatively recent and temporary sub- 
j.l loenion of a large portion of the globe by water. 
I Among the geological nionuments of such events, 
I tlwt ore termed " bone-eaverris " are remarkable for 
ihe clear and satisfactory evidence ihey afford on the 
anl^ect. These caverns occur iu England, iu various 
pMtt of the Continent, and even in Australia and 
America, presenting in each of those localities very 
■inular appearances, of bones, some entire, some 
rolled and gnawed, imbedded in a sedimentary de- 
pont, and sometimes covered by a stalagmitic tncrust- 
&tioD. The researches of Dr. Bucklnnd, and other 
naturkbsts, who have examined them with attention, 
prove that these caverns must for a long period have 
been the dens of antediluvian animals, who perished 
hv a sudden irruption of water into them, the some 
having often washed in mud, sand, and peb- 
in Bucb quantity as partly to fill the cavern, and 
ilidatiug to envelop the bones in a hard solid 

KflKBFJIBNr OF GEOLOGICAL FACTS WITH SCKIP- 

— Ou thuE tracing the enrly lustory and revo- 
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lutions of our planet, from the phyisical proofs in- 
delibly cngraTed oa the miiBeive fabric of the globe 
itself, it becomes a Eubject of equal interest and im- 
portance to compare this record with tlie only one 
■which, till a very late period, mankind jiossesseJ, 
tliat of the inapired historian. 

However inadequate our limits may be to the dis- 
cussion of this very difQcult and delicate question, it 
(»ight not to l>e passed over in total silence. 

Four points of the pliysica! history of the earth are 
inToived in the Mosaic narrative. These are tiie 
BUCcesBiTe steps of creation ; the time employed in 
these operations; the age of the world since tlist 
period; the catastrophe of the deluge. 

On three of these points the agreeEoent of iiatund 
records with those of revelation is decided and un- 
equivocal. The successive steps of creation, both » 
regards the framework of the globe itself, and the 
development of organic existence upon it— these, 
whether deduced from the language of nature or of 
revelation, are the same. The age of the world, sub- 
sequently to assuming its present condition, appears 
from the inspired writings to be about vis. thousand 
years, and the voice of natural records (for the earth 
bears marks of her own antiquity) speaks the same 
language. The physical proofs of diluvial catastro- 
phes have already been noticed at sufficient length 
to show that the fact coincides with die Mosaic uar- 
rative. 

Oue point then, aud one only, remains open for 
discussion : we are told by Moses that the eartli was 
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'fti(or brought into its preeent state) in six days, 

bile gftJogical phenomena, in the most impressive 

UK^uivocal language, indicate a lapse of time 

"irbiiii no period can be Bxed, but iu the cuntem- 

oT which, ae in ihat of infinite apace, tlie mind 

rbelmed in unappreciable vaatness. Hence 

I iri^eB the question — and, if calmly and dispog- 

sly viewed, it is perhaps a. simple one — Are the 

of Moses lilerully to be understood as days 

iJtwmiy-four hom^ ? 

A iliscufsion on thie subject 'would here be out of 
tdacc; yet we would observe that both the natural 
dnj Bad the week of seven days are merely perioda 
idiipKd to the constitutioa and physical waufi of 
tuM, and therefore fremous to Im existence vexa 
Uuiccefsary, and could have answered no end. le 
it nut thejefore reasonable to suppose that the days 
nf at:aii<Mi were merely intended as types of those 
tftervards eEtabliehed, without any reference to their 
srdia/ duToiion ? 

When we consider that the sole office of these pe- 
ooil*, denominated "days," was to estimate the 
(fcratiouB of a. Being, " in whose sight a thousand 
JWr» oie but as yesterday," may we not, without 
nation of Scripture, look, upou them as tliose pC' 
Ml of vnet obd indefinite duration which are pointed 
(tt lo usjby geological phenomena? If this point 
bt TOBoeded, the discrepancy long suppused to exist 
bcttteea geological science and revelation is at once 
■nmlitlated, and, on the contrary, the stricteBt har- 
iMDy will be found to prevail. 
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CHANGES OF THE EARTH'S SURFACE NOW IN 

OPERATION. 

It is necessary to observe that many physical^ 
changes are even now taking place in the surface o^K 
the globe, as the same agencies which produced iti^ 
present structure and configuration are still in action^ 
although with greatly-diminished power, and in most? 
cases a nicely-balanced and compensating effect* 
Those sedimentary strata produced by causes now in. 
operation are termed ** alluvial deposits^'* and, to* 
gether with modern volcanic rocks^ of course occupy 
the highest relative situation of all the materials of 
the globe. 

The agency of the atmosphere, of moisture, and of 
frost, combine in slowly disintegrating even the most 
solid and compact rocks of which the surface of the 
globe is formed, more especially those masses existing 
in mountainous and elevated situations. The parti- 
cles thus detached are continually being carried, by 
the action of rains and torrents, down the sides of 
mountains, and deposited in valleys, or transported 
into rivers, whence they are often swept along by the 
current, and finally deposited near their mouths, in 
the form of loose sandy beds, or deltas^ and in many 
instances wide cestuaries are nearly filled up in this 
manner, of which the mouths of the Nile and the 
Ganges afford remarkable examples. The flats formed 
along rocky coasts by the undermining and wearing 
away of cliffs, the sands often thrown up along the 
shore by the sea, and the formation of peat-bogs 
arising from the growth of mosses and other aquatic 
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plniitB in lakes and maiBhy situations, also belong to 
this class.* Theec phenomena will now require a 
more detailed eiaminatiou. 

Changks produced bt ahueous action.^ — The 
chsnges of the earth's surface which are produced at 
the present time by aquenua agency are in certain 
localities very cousiderabie, and we need not look 
beyond onr own shores for examples of this fact 
The numerous sand-hanks which obstruct the navi- 
gation of the Thames and the Mersey, hy accumu- 
lating near their moutlis, are produced by a depoai- 

- " It need hardly be absetved that pent is a aubstance ot 
great utility as a fuel, in all situatidns whero cnal is dear oi 
not readily attninuble ; a larj^e [lortiun of our labouring popu- 
lation indued use nothing else. It has also been employed 
for Eoielling lead-ore in. Lanurksfaiie, and has bren used to a 
coniidetable eitent for metallurgicFil purposes in Frauce, where 
C0S.1 is Tai less abundant than in Knglund. The quantity of 
peat which eiists in this country is immenBe. more especially 
on the elevated mootlanrls of the West and North of Bnglandi 
of Wales, and Scotland, and many parts of Ireland, in all of 
which it is found upon the surface in beds many feet in tliick- 
nen. A machine has lately been invented by Lurd Wil- 
loagbby d'Eieaby which piamisps greatly to extend the use of 
this fuel, as, by the simple application of pressure, it speedily 
■queszes out the moisture, leaving tlie peat in a firm eom- 
pieBsed statu much liettec adapted for burning than befoii!, 
and saves in addition the long and tedious pruceu of drying 
Iq the auo, which has always hitherto been aecessary. Peat 
ii B spongy mass oF vegetable substance, which is generally 
lalutated with moisture, and intErmiiad with a little earthy 
natter. Coal, iu iti original slate, was doubtlela a very simi- 
lar substance. 
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tion of the mud brought down by these rivers, and 
by matter derived from the wearing away of the clififc 
and banks which surround them. The earthy matter 
thus constantly accumulating is drifted by the set of 
the tides and currents into certain situations where it 
is deposited, and thus is formed in most rivers the 
nucleus of those banks, which, when unchecked in 
their progress, often form bars across harbours, and 
become very injurious, if not destructive, to navigation. 

Alluvial deltas. — On the continent of Europe, 
where the rivers are of so much larger size than in 
this country, similar effects may be witnessed on a 
far more extensive scale : thus, on the coast of Hol- 
land, the traveller cannot fail to be struck with the 
vast accumulation of alluvial matter which ia brought 
down by the rivers through which the Rhine dis- 
charges itself into the sea. Sand-banks are thus 
formed, which for a considerable distance fringe the 
coast of that country, and may in time add a consi- 
derable extent of territory to it. 

Many examples of the power of aqueous deposition 
in altering the earth's surface are given by Cuvier, 
in his admirable " Discourse on the Revolutions of the 
Surface of the Globe,"* one or two of which may 
complete our view of the subject, by forcibly exem- 
plifying the formation of new lands even in the 
present state of the globe. "Many cities which 
at well-known periods of history were flourishing 

* A translation of this work has been published by Mensnu 
Whittaker. 
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f pon* aie now several leagues inland, and many 
m been mired in conaer[uence of this change 
Tenice can Bcareely preserve the la- 
irwlnch separate her from the continent; and, 
e of every exertion, she will one dny hecome 
d Ri the main land." The same writer observes 
"AAna. in Iximbaidy, which conferred its title on 
■(Adriatic) aea, of which it formed, for more than 
tnntir centuries, the principal port, is now six leagues 
JiBani. from it." The growth of the ollavial delta of 
tficNile is highly interesting, and, from this country 
harin^ formed the eatlicEt seat of civilization, and 
fivm the nnmerous ancient monuments of Egypt 
beic^ moatly situated on the alluvial soil formed by 
(hf Nile, the alteration of the surface admits of being 
KODTateiy traced from a very remote period. On 
Oax ml^ect Cuvier remarks, " the height of the soil 
It is produced at the same time as the exten- 
f its surface, and the bottom of the bed of the 
B elevated in proportion to the adjacent plpuns, 
Ke the inundation of every succeeding century 
h eiceeds the height of the marks left by the 
■s. According to Herodotus, a lapse of 
Ihumlred years was sufficient to establish a dif- 
a the level, of se\ <ir e Rht cnh ta (ten or 
twdve feet). At Elepi ant a the undal on now 
teaches seven feet higher tl an d r ng the re gn of 
SepttanuB Severus, at t! e beg nn nf, of the third cea- 
lury. At Cairo, before t •* ieen ed s iffic ent f r IJie 
psifose of irrigating the Ian i" t in ist atta r a height 
of i}iree feel and a half more than was rotiuisite in 
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the ninth century. The ancient monuments of this 
country are are all more or less enveloped in the soil. 
The mud left by the river even covers the small arti- 
ficial hills on which the ancient cities were founded 
to a depth of several feet." 

Undermining of cliffs. — While aqueous agency 
is thus continually employed in forming new lands in 
some situations, it is no less active in the destruction 
of existing shores in others. Wherever the coast is 
bounded by steep cliffs, they are continually being 
undermined by the action of the sea : large masses 
thus fall down at intervals ; and, where the material is 
soft, as clay or chalk, considerable changes are often 
effected in the configuration of the shore. Examples 
of this kind may be found in the cliffs bordering the 
Isle of Sheppy, the Isle of Thanet, and other parts of 
the Kentish coast, where the two conspicuous towers 
called the Reculvers, formerly far inland,* are now 
on the brink of the cliff, and will at no distant period 
be entirely washed away. The soft friable cliffs on 
the coast of Norfolk present similar examples of the 
wearing away of the coast, and the encroachment of 
the sea. Where the coast is composed of hard rocky 
materials, as in Cornwall, Devonshire, Wales, and 
Scotland, or many parts of the Irish coast, the in- 
roads of the sea are of course less striking, but even 
here they are still perceptible. On walking under- 
neath these cliffs we shall see enormous masses of 

* 111 the early part of the sixteenth century the distance 
was nearly a mile. 
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rock lying on the beach, which have been detached 
from the precipices above, while thousands of smooth 
and rounded pebbles, with others still sharp and 
angular, proclaim the farther action of the sea in 
wearing and disintegrating those masses which are 
brought withiu reach of the waves. 

Drifted sands. — It would far exceed our limite 
to trace minutely all the various causes which are 
perpetually modifying certain portions of IJie earth's 
surface, further than appears requisite to the perfect 
illustration of ancient geological phenomena : with two 
or three further examples, therefore, we shall con- 
clude. In cases where aandy shores occur, but little 
elevated above the sea, the waves often force up enor- 
mous ridges of loose sand, along the coast, which are 
driflcd inland by the winds, and gradually spread like 
a torrent over the adjacent country. The most 
striking example of this phenomenon in Europe is 
to be found in the drifted sanda which are spread 
over the French coast, along a portion of t!ie Bay 
of Biscay, and which have not only inundated and 
destroyed a large tract of country within the period 
of recorded history, but are still advancing at the 
average rate of from sixty to seventy feet per annum, 
threatening to envelop numerous farms and villages 
in the same overwhelming destruction which many 
within the last few centuries have already shared. 
The siiifting sands of the Libyan desert, which are 
spread by the set uf the winds over the fertile soil 
of Egypt, enveloping towns and villages in a gradual 
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but irresistible destruction, afford another striking 
example of the phenomenon under consideration. 

The north coast of Cornwall, more ei^cially in the 
neighbourhood of Hayle and Perranauibuloe, exhibits 
an interesting example of the progress of drifted sands. 
Those parts which I have examined consist of a range 
of sandhills not less than 50 or 60 feet in height, loos 
and shifting in their nature, and apparently derived in 
great measure from the finely-comminuted fragments 
of innumerable sea-shells. The tops of houses and 
churches buried centuries ago are occasionally visible 
through the mass, the further progress of which has 
fortunately been arrested by covering and fixing the 
soil with that useful plant, the Arundo arenaria. 

Dr. Paris has noticed on some parts of this coast 
the singular phenomenon of the formation of recent 
calcareous sandstone; the loose sands, owing to the 
action of cementing matter, actually passing in some 
places into a hard compact rock. 

Raised beaches — Submarine forests — Litto- 
ral DEPOSITS. — A very remarkable class of phe- 
nomena which are observed upon many parts of 
the shores both of our own and other countries, may 
here be introduced as among the more recent changes 
affecting lines of sea-coast, which, it will be seen, are 
even now greatly subject to alteration — raised beaches, 
submarine forests, and littoral depositions. 

Since the attention of geologists has been drawn to 
the subject of raised beaches^ a great deal of curious 
evidence has been accumulated on the subject, proving 
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1 this pfaenomenon is by po laenns of rare occur- 
e, sod lliat in many cases ancient beaches, pre- 
r to those now washed by the eea, are to 
some distance from it, anil uften at an 
•tiOT of many feet (in some cases as much bb 30 
1) above it. A raised heach of this kind near 
ghton h«3 been described by Dr. Mantell; others 
e been found on the coast of Devonsliire, near 
tb, OB the coast of Cornwall, and on the Frith 
This phenomenon has doubtless been pro- 
j an elevation of the adjacent laud, either 
g aticieni earthquakes, or by a stow and imper- 
oeptihle eijiansion of the crnat of the globe, which 
will be noticed under the head of Tolcanic diang;eB. 
Submarine forests ate those accumulations of 
t, vegetable matter, and trunks of trees, often par- 
^ fanried in oiud and silt which occur ou mauy 
li of the coast, and which indicate the growth of 
t fbrests in situations now submerged at high 
A &rest of this kind may be traced along the 
i,«inunencing at the Isle of Doga, aod estend- 
7 mony miles down the river. Submarine 
i occur also near the mouth of the Parrot in 
netshire, and idong the low marshy coasts of 
re and Lancashire, and in mitny similar 
In some cases they may perhaps bere- 
ft depression of tlie land, and in others may 
It of explanntiou merely from a change lu the 
tttion of the coast allowing the sea to spread 
* inland than formerly. 

' deposiliins form an important clitss of 
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alluvial phenomena, and may be considered as a com- 
pensating agency for the gradual wasting and under^ 
mining of cliffs before noticed. In situations where 
soft friable clifis are continually being washed away 
by the sea a fine sediment is the result, which is 
drifted along the coast by tides and currents to some 
shallow bay or sestuary, on the marshy shores of 
which it is deposited, forming a slow, but, in the 
lapse of ages, an important addition to them. The 
effects produced by this agency in our own country 
are both striking and important : while, as previously 
described, those large portions of our coasts which 
are bounded by clifis are continually yielding to the 
encroachments of the sea, we have in other situations 
large tracts of alluvial land, of comparatively modern 
growth, and which by draining and embankment 
have been made to form a permanent and valuable 
addition to our soil. It is probable that a great deal 
of the marsh-land about Bridge water in Somerset- 
shire, of Romney Marsh in Kent, of the fens of Lin- 
colnshire, the marshes bordering on the Humber, and 
those of the coast of Lancashire, may have been thus 
originally formed. 

Phenomena of volcanoes. — ^The phenomena pre- 
sented to our notice by volcanoes are of vast interest 
and importance to the geologist, as they afford a satis- 
factory explanation of many of the most obscure pro^ 
blems wliich the internal structure of the earth offers 
for our solution. The former extensive influence of 
subterranean heat in modifying the materials of the 
globe has been already noticed, and we now find in 
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a the local and expiring action of tliat tre- 
» Rgeocy which at ancient periods formed the 
see of the un^tratilied rocks, and also 
i, contorted, and indurated the sedimentary 
e now find them, 
k is well known that volcanocH are generally lofty 
IKal monntains, with one or more deep hollows or 
Stions on or near their siimmit, called craters, 
P that their moat characteristic phenomena con- 
occasional eruptions, during which torrents of 
matter are ejected from the crater, which, 
Wy flowing down the sides of the mountain, conao- 
liitBte into the hard porous rack, termed lava. Inde- 
{Ktirlenlly of these obvious and prominent phenomena, 
^ttere are, however, many others of great geological 
tt which will here be briefly noticed, 
e volcanic orifices with which so many portions 
B earth's surface are thickly studded admit of a 
1 and convenient division into two classes — 
vaadextincl. The former includes, of course, 
B which, like Etna and Vesuviua, are known 
hitttt either frequent or occasional paroxysms of 
,c energy ; the latter, those which, like the vol- 
I of Auvergne and the Eifel, have slumbered 
I the earliest period of recorded history. The 
et of active volcanoes has been estimated at about 
Jl of extinct volcanoes, no estimate has, I hcUeve, 
bteined, but it must vastly exceed the former, for 
« Eifel district alone there are not less than thirty 
t Tolcanic cones, while in other countries there 
mps equally n 
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of immense masses of rock from the crater, and the 
showers of volcanic sand and ashes, which are often 
distributed over a large extent of the surrounding 
country, not unfrequently at distances of 200 or 300 
miles from the volcano. Showers of this kind appear 
to be nothing more than masses of rocks, which, by 
repeated projections from the crater, and falling into the 
abyss below (which if thrown up vertically must con- 
tinue to receive them), have been reduced to such a 
state of tenuity, that the rush of vapour finally keeps 
the mass suspended in the atmosphere to an enormooB 
height, till the upper portion of it drifts away with 
the wind, and is deposited on reaching a more tran* 
quil region of the atmosphere. 

Changes of the earth's surface produced bt 
VOLCANIC ACTION. — The local changes produced by 
great eruptions are often very considerable, as one or 
two examples will be sufficient to show. In the cele- 
brated eruption of Skapta Jokul, one of the volcanoes 
of Iceland, which took place in 1783, two enormous 
streams of lava flowed in opposite directions from the 
crater, the one extending forty and the other 'fifty 
miles in length, the breadth varying from seven to 
fifteen miles. Valleys were thus dammed up, the 
course of rivers stopped or obstructed, and the face of 
the country so completely altered and desolated, that 
thousands of the inhabitants fell victims to this scene 
of devastation. 

An enormous volcano which existed between sixty 
and seventy years ago in the island of Java furnishes 
a striking instance of the manner in which volcanic 
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mountains occasionallj' undermine themselvea, and 
the consequences which may ensue from the continual 
enlargement of the volcanic orifice, owing to repealed 
eruptions. During an eruption of tliis volcano in 
1712, the bivse gave way, and the whole mass of the 
mountain actually sunk intu the earth, being, doubt- 
less, received by the abyss below, which its fiiry had 
for ages been hollowing out. The tract of elevated 
country thus swallowed up has been estimated at no 
less than ninety square miles, and many of the inha- 
bitants fell victims to the catastrophe. 

An eruption of the Tomboro volcano in the island 
of Sumbawa, which took place in 1815, was charac- 
terized by extraordinary violence : for two thousand 
miles around it the earth was perceived to undulate, 
and over the immediate area of several hundred square 
miles the fury of the eruption was awfully felt and 
the ground strewed with volcanic ashes. 

Extinct volcanoes. — But little need be said on 
the subject of extinct volcanoes, as the external phe- 
nomena they present are in close accordance with 
those of active ones, although the exciting causes have 
hecn long wanting, by which their paroxysmal energies 
were aroused. lu extinct volcanoes the cones, the 
craters, and the streams of lava, after a lapse of un- 
numbered ages, still remain perfect, and even showers 
of sand and pumice may still be traced. In the 
[[roup of extinct volcanoes which borders on the 
Rhine, it is remarkable that some of the volcanic 
orifices appear to have given vent to gaseous explo- 
aions rather than to lav a -currents. In one which I 
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examined no traces of streams of lava were yisibl 
on the sides, although large masses of it were lying a 
the summit, especially at one point, from which a 
eruption appeared to have broken forth. ETerytbinr^ 
indeed seemed to countenance the idea that emptionsy 
of gaseous matter, accompanied merely by occasional 
jets of lava, had formed the phenomena of this vol- 
cano ; and I may further observe that the patches of 
loose pumice which are occasionally exposed to view 
in the road-cuttings of this part of Germany strongly 
indicate the ancient prevalence of gaseous eniptioDS 
and their usual concomitants, showers of volcanic 
ashes. Many of the Eifel craters, as well as those of 
Auvergne, are in a very perfect state, and ezhiliit 
streams of lava and every external volcanic appearance 
which is to be seen in active volcanoes, excepting actnil 
eruption. 

Recent and submarine volcanoes. — ^Whilc Na- 
ture presents us on the one hand with volcanic orifices, 
which at greater or less intervals have been charac- 
terized by eruptions through the whole period of 
recorded history, and on the other with numberless 
volcanoes which have been extinct from the remotest 
period, and which, although perfect and entire, as if 
the subterranean fire had broke forth but yesterday, 
have in all probability slumbered from a period an- 
tecedent to the existence of the human race, she 
also occasionally affords us the magnificent pheno- 
menon of the bursting forth of new volcanic vents. 
Thus, volcanic phenomena are presented to our view 
under the three striking phases of extinct volcanoes. 
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illels of Bubtertanean fire, long siiic:: doririiiiit 
dioked tip urid transferveii to othir venU ; of active 
nlcmoes, ilie etiergy of which ia of a permanent 
cWaeter; and of recent vokanoes, which apjieur to 
fewA through the weaker parts of the earth's crust, 
■flbnKng vent to new localities of aubterraoean dis- 
bateira. 

It is remarkable tliat recent volcanoes generally 
baist forth from the bottom of the sea, thus elcvatiog 
inlcnuic cones, or in some cases permanent islande, 
»bovc the surface, for, owing lo the looseness of their 
texture and the incessant action of the waves, the 
former are frequently waslied away, and leave no 
tnixa of their existence beyond a shoal. The Medi- 
[OTiRican has been remarkiible from the rcmoteet 
limu for the emergence of submarine volcanoes, an 
esimplc of which occurred so lately as the year 1S3I. 
Vie elevation of Monte Nuovo, a volcanic island 440 
Icet in height, and a mile and a half in circumference, 
wbicii took place in 153S, affords another well-known 
emnplc of recent volcanic action. 

Perhaps the most striking instance of the bursting 
ftarh of a new volcanic vent in recent times is afforded 
bj the elevation of the volcano of JoruUo in Mexico, 
which took place in an inland situation in the year 
1759, Earthquakes and frightful subterranean Bonnda 
long preceded this great catastroplie, and gave notice 
M iht inhabitants of a fruitful and citltivated plain 
lliflt ftomc great internal convulsion was about to 
li^ipen, and thus ulloweil of their escape to the 
neighbouring tnountnln^, from whence the scene was 
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witnessed by many in all its grandeur. On the 
night of the 28th September the crisis took place: *'a 
tract of country from three to four square miles in 
extent rose up like, a bladder,"* attaining towards 
the centre an elevation of 524 feet, and covered by 
thousands of small cones emitting columns of thick 
vapour to the height of forty or fifty feet. From a 
chasm crossing this elevated tract, six volcanic masses 
were thrown up, varying from 1300 to 1600 feet 
above the level of the plain, the highest being 
the great volcanic orifice termed the volcano of 
JoruUo, which continued in a state of activity for 
about six months, and is still burning. When this 
spot was visited by Humboldt, about forty years after 
the event, he found that the thermometer in the shade, 
and at a great distance from, the surface, rose to 109^ 
Fahr., while two rivers, which had been swallowed up 
by the eruption, rose again from under the elevated 
mass, as mineral waters, having a temperature of 126* 
Fahr., thus confirming the account given by many of 
the old Indians, who aflfirmed " that, for many years 
after the first eruption, the plains of Jorullo, even at 
a great distance from the scene of the explosion, were 
rendered uninhabitable from the excessive heat which 
prevailed in them." To these well-authenticated facts, 
establishing a long-continued elevation of temperature 
in the vicinity of volcanic action, I would direct the 
particular attention of the reader, as closely connected 
with the theoretical explanation previously given of 
the former high temperature of the surface of the 

* Humboldt. 
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iR of tlie eartli's surface whicli s 

id not only in the vicinity of voh 

tfnil connesioii nith them, but also 

J fir removed from volcanic actioi 

fcofearthquatea varies greatly: ii 

ji ihey occasion merely a slight 
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those tremulous 
often espe- 

parta of the 
The inten- 
most gentle 
idulatiun of the 
nil, which is firequently repeated at irregular 
iulKrvals; when more violent the earth ia agitated in 
sxtraordinary manner, not unlike the rolling 
a vMsel at sea; it is elevated in some places and 
depressed in others, and, when the tenaion of the 
•Irala is extremely violent, rents and fiasures are 
Mmwtimes occasioned, 

Tlie extensive area over which the ahock of earth- 
i|iukcs is often felt is very remarkable, and satiafac- 
turily demunstratEB the enormous depth at which the 
dialorbing force must operate. Tracts of country 
1000 or 1200 miles in extent are not unfreqnently 
tinuttaneously convulsed, and the shock of an earth- 
i(uftke has even been known to pass beneath the broad 
exfRuiw of the Atlantic, and to affect alike the shores 
of Euiupe and America. 

TuEiK PBEMANENT EFFECTS. — ^Thc permanent cle- 
nllun tir depression of land during earthquakes is 
Aiu an imporUnt fact in a geological point of view : 
tlw hcst-authenticaled instance of the former ie that 
*rhicli occurred on the coast of Chili in 1822, when 
Jl rippritrs that for an extent of about 100 miles the 
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coast received an additional elBTstim of about four 
feet above the Bca-level. An instance of the depre»- 
sion of the land occurred diu-ing the terrible earth- 
quake which, in 1692, (ieKroyed Port Royal in 
Jamaica, when the site of that unfortunate town was 
permftnently BiibmeiT^d below the nea, partly by a 
aettlenient of the sands on which it was built, tmi 
partly, no doubt, by an actual subeidence of the land. 

Theoretical viewb. — EarthquakeB are generally 
regarded as modificatione of volcanic agency, pheno- 
mena of both claHses being connected with the heated 
state of the earth's internal mass, and the inteme 
chemicnl action and consequent diHeogagement 
clastic vaponrs, which Hpjiears to prevail at an 
mous depth, below a large portion of the earth' 
face. We see, in fact, in earthquakes aud voleano«, 
the modiQed and repreBsed action of thoee mighty 
forces which at an earlier period of the earth's his- 
tory produced the vast maases of the unstmtiGed 
rocks, and elevated them, together with the siiper- 
incumbent sedimentary strata, fiotn the bosom of the 
ocean, thus forming our present continents and islands, 
and giving rise to the configuration of the land which 
now exists. 

Although severe shocks from earthquakes are nW 
of very frequent occurrence, there are many parts of 
the world in wliich slight vibrations of this kind ue 
by no means uncommon, and to which they are chii 
cMinfincd. The phenomenon appears, indeed, 
very much of a local character, the area over which 
is felt (sometimes of immense extent) being in greaf 
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B pmjiortioned to the mtensity of the shock. 
Rb Wat InAies ore well kuown to be frequently 
Mrthqiiakes, and in Europe the undulations 
n felt in Portugal and Boiiietime» very feebly 
I coast of England, Perhaps beneath 
* Mela there m&j be weak portions of the earth's 
i, tluough which the undulations of deeplj-seated 
■Mndeacent or gHeeous matter may he conveyed more 
iwdDy than olseivhcre. I have been favoured by a 
Hlntd friend with the particulars given in the sub- 
d note,* of an earlhquake which was felt at Lis- 



• ■'OwuTtbeaeyerest shockaof an earthquake which hi* "I 

hlM Mpoienced in Europe since the celebrated one wliich, U I 

llu. ilailri>yi;(l the cily of Iiisbuu.was oo Lhe night, or tathm 

naming, ur Fvbiuar; 2d<1, 1316, J hud retired Id bed about 

in bois twfurc Che shuck cummencod, and wis awnbuued by a 

Imcduas molion occasioDing tbe bed lo liie and fall as if 

■BDe (letson were underneath it, which, was indeed my fiirt 

hqumnm. The 6rsl three or four ahocka appeared to be ver- 

UceL, And the whole house naa in motion, eveiy timber fltnin^ 

n^, ni n iliip labouring ia a heavy sea, the botuea in Lisboa 

' : . 1 1 y conatructEd within a wooden fmme-woili, to 

!<< withitaud the frequent ahocki of eaithquakei 

.1 ioncod there. On tiring, I found all persons 

iL-rjiatioD. ' miierecoTilia' and 

. tiL'ud onalisidea. The dui 

: Lit about a minute sad ahalf, being lonch longer 

I y biugle ibnck for a conaideTaMe periud; isdesd, 

nai more remarkable from its length than 

4 tialence. Two lery short but muie liuleni ahacki 

It ibuut four or Gve hours afterwards which lasted for 

mdl iHily, but the damage done on this Oceanian wai 

The day previous had been heavy and clone, and 
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bon in 1816, which will convey a. very accurate is 
of the ordinary Bensations which are experienced t 
these uecas 

Coral itEEFs. — Oae of the most cutioua, and i 
tropical seas not the lenat important, agents concenwrf'n 
in the changes of the earth's surfaee now in progreBS, 
i mm efl lately a(\er the fitBl shock the rain tlesceiided in tor- 
rents ; u blight tumbling souDd was heard dieting the undulS' 

" In thelogbooks of different veaseU which amveil atLidM^ J 
(lotiag same days afterwards, notice was taken of a ahoc^ 1 
eipt^nencvd al sea, carTesjiondiij)- in time to the firat ihoclr \ 
above deacribed ; and in the logbook of one vessel] coming front 
Madt-ira, which airiTed several days subsequenlly, the caiitain 
having described tbe aback, and stated that all hands wen 
turned out and the lead hove, apprehending that tbe vemtl 
had strock, goes on to surmise, having saliified himself thd 
be was in deep waler,and at a distance of some hundred milei 
from the coast of Portugal, that an earthquake had, probablf, 
occurred at Lisbon. 

"This earthquake was not felt ic 
Lisbon, and hardly at all in Oporto, which lies nearly to tt 
□□rtb. Itseemed from Lisbon to take a direction froiD the ca 
more to the i 

base ot the Pjrenees, having in its course nearly destroyed 1 1 
■mall Portuguese village. 

" During a residence of nearly sis years al Lisbon I ei 
enced several slight shocks, which lo an inexperienced p 
would hardly have been perceptible, being nothing more 
the sensation produced by a heavy waggon tumbling pa,*! 
which would have passed for such, only that no wi^ 
other cause was near to produce the effect. The native! 
aider frequent slight shocks to be almost a guarantee m 
any levon^bne: this theory they have probably deduced fr 
experience." 
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M tie growth of coral .reefs. These reefs are the 
Vork of millions of zoophytes, and in some cases 
extend hundreds of miles in length, forming new 
Jslandg, perhaps hereafter to be inhabited by man. 
Hub process is the more interesting, as many of the 
ttdent strata of the globe appear to have been 
fivmed by similar s^ncy. 

It was formerly supposed, but very erroneously, 
tkt corals commenced their reefs at great depths 
Uow the surface of the ocean, a mistake probably 
occasioned by deep soundings being often found in 
iht immediate vicinity of coral islands. It is now, 
however, well ascertained that they build in water of 
modoate depth only, and that the situations chosen 
ire frequently the summits and craters of submarine 
volcanoes, a circumstance which often occasions coral 
idands to assimie a very remarkable outline. The 
oanik discontinue their labours on reaching the sur- 
&ce of the water, but the sand and drifted matter 
continually thrown by the sea upon these reefs has 
the effisct of elevating them somewhat higher, and 
also forms in time a vegetable soil, which the disper- 
sion of a few accidental seeds, under the influence of 
a tropical sun, in time covers with luxuriant vegeta- 
tion. Many important islands have been formed by 
this singular agency, and the alterations which it is 
now producing in tropical seas, especially in the 
Pacific Ocean, are very considerable. It is deserving 
of remark that in coral islands we are presented with 
a combination of the three great agents* which have 
given the earth's surface its present configuration. 
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Volcanic action elevated the sabnuurine peak, organk 
or vital agency invested it with its upper calcareout 
crusty while aqueous deposition bestowed its covering 
of vegetable soil. 

As any lengthened detail of geological theory, 
however valuable in itself would be entirely incon- 
sistent with the plan of the present work, the pre* 
ceding facts, illustrating the nature and eSects of 
those great agents which have been employed in 
giving the materials of the globe thdr present fimn 
and arrangement, haive thevefere been given so folly 
that the reader may thence deduce many candnioiis 
for himself and perceive at once the grounds on wbiA 
the most important theoretical deductiena of ge o t sgy 
are built Some few of these it must be acbnitted an 
still uncertain, and may long continue to ftna sob- 
jects for discussion. Those, however, which are most 
important, as standing at the very thi^shold of geoAo- 
gical inquiry, may now be looked upon as immeve- 
ably established, and aa having passed from being 
mere matters of opinion, into the list of universally- 
admitted truths. 

Practicab, value op these facts. — A correct 
knowledge of those changes which are actuaUy taking 
place on the surface of the globe not only famii^tes 
us with a key to more ancient phenomena of the same 
kind, and explains the nature and operation of those 
geological causes which, by gradually modifying the 
earth's surface, have produced its present structure 
and configuration, but it is of great service in other 
points of view, and often admits of practical appUr- 
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cations by. the engineer. IhuA^ by observing the 
mode in which nature operates in the filling up of 
estaaries and hacboiira^ or throwing bars across the 
mouths of riyera, by correctly appreciating the causes 
-^hich lead to these obstructions^ we are furnished 
with the readiest modes of lessening or counteracting 
the eviL Where rich alluvial lands are forming 
along die coast, the operations of nature may often 
be asaated by art, the wearing away of cliffs may 
also be in some cases diminished, and valuable land 
{ffeaervedy while even the progress of drifted sands 
may o&ai be checked by timely and judicious plant- 
ing. A knowledge of the formation both of sand- 
banks aad of coral reefs cannot be otherwise than 
aiefvl to the navigator, nor can he but feel interested 
in those great movements of the earth's surfeuie which, 
cither as earthquakes or sub-marine volcanoes, often 
c&ct permanent changes in the bed of the sea, and 
alter those soundings on which he had formerly de* 
peoded for guidance. 

Limitation ov existing changes. — While point- 
ing out the great fluctuations of the earth's surface 
vhich are now in progress, it is also necessary to 
4iiect attention to the fact that, however extensive, 
they are in great measute conflned to certain tracts, 
sod that a large portion of the globe is almost ex- 
empt from their action. Thus volcanic eruptions and 
earthquakes chiefly prevail around certain centres 
and hues of subterranean disturbance, while the ac- 
tion of the sea and rivers is limited to coasts and 
eituaries, and only under certain conditions is capable 
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of effecting extensive changes. Atmospheric age: 
emhraces of course a wider sphere of operation, sini 
it is co*extensive with the solid mass of the glol^e; 
yet over a large portion of the land its action is com-' 
pletely nullified hy the mantle of vegetation which 
covers and protects the soil. 

Fluctuations in the level of the land.— 
With a hrief notice of one other existing cause o( 
change, the consideration of the present suhject may 
be concluded. An opinion has long been entertained 
that the relative level of the land and water is not in 
all cases permanent, in other words, that the land n 
on some coasts in a state of very gradual, but still 
perceptible, elevation, while in others a slow deprei- 
sion is taking place. This opinion has within the 
last few years been examined and conBrmed by Mr. 
Lyell, who has investigated the subject with great 
precision and acuteness. He has demonstrated that 
the countries adjacent to the Baltic are in a state of 
gradual elevation, that the rise may be estimated at 
about two or three feet in a century, and that the 
coast of Greenland is experiencing, on the contrary, 
a slow depression. These changes of level are not 
due to the direct action of earthquakes or volcanoes ; 
they can only be satisfactorily explained by supposing 
a slow refrigeration of the earth's crust in some places, 
and a local increase of temperature in others; the 
former being of course accompanied by a gradual 
contraction, and the latter by a slow expansion of the 
mass — an explanation perfectly consistent with ascer- 
tained principles, and, indeed, the whole range of 
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Blogical phenomena. A beautiful example bath of 

Ml and subsidence of the eurth's surface, within 

» bistorical period, is affarded by the ruins of the 

Umplc of Jupiter Serapis, deacribed by Mr, Lyell in 

< ^fiiuciples of Geology. 

CLASSIFICATION DF ROCKS. 

t the brief review which has now been given, 
Ktb uf the leading facts and theoretical conclusiuns 
rf geulogy, it wiU be readily seen that the principal 
BbJKta of this science must be to arrange and classify 
tlie jiratilied and otlier musses constituting the exte- 
norofthe globe, to determine in what order they have 
been placed by nature, and to investigate their com- 
ptnitiou and structure, and tlie various phenomena 
Ijjwliicii they are individually characterised, as well 
a«the clianges and revolutions of the earth's surface 
*^cli are thus iiidicated. The latter object can, of 
cnurae, only be effected by a careful study of the pre- 
tfiit economy of nature, and rigid attention tu those 
(^gee which are now in operation, of which a brief 
•Itncli liaa just been given. 
In order lo accomplish these objects, it becomes 
I Qcceisaiy, as far aa possible, to generalise and group 
logi^ier the Individual strata (theraselvea practically 
iBDumeiable) which form the stratified class of rocks 
U&ie mentioned, and by this means to bring tlieir 
Mherwiie unwieldy number within convenient limits 
_& lireccicol consideration. Thus, whenever a series 
^H|tods is found constantly associated t<igether in the 
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aamc order, and possessbg ct^ruin geueral cKontcters 
of agreemeut, either as regarda their mineral compw 
sition, or the fbaeils they^ cuntuin, they are classed 
together under the Dttme of a "^Jbrination." ThM 
we have the chalk fannation, the eaal fomuUion, &&, 
terms which conveniently espresa a large aBsemblage 
of mineral Btrata. 

By following the same method with respect to 
formations themaelvea, we are enabled to arrwe at a 
still more general and comprehenaive claasificatioD — 
that of primaTy, trtoisition, seco-iulan/, and tertiary, 
formations. Tbia is an arrangement very { 
followed by geological writers, althuugh by many Ultt I 
tianaition ciasH has been abolished, and grouped w 
ifae secondary. 

The distinguishing characters of these foup gEO^ I 
claBses of rocka may thus shortly be ileacribed. Opt, I 
taking a geueral view of the whole mass of stratifiMl' | 
depoiits, it was found by geologists that a large a 
faer of those occupying tlie lowest relali-ee positiatt 
the series, ot jreating immediately upon the u 
tified rocks, exhibited certain^ peculiarities, diatiii 
guishing them in a striliiug manner frora tie i 
These peculiarities conaist in a compact and cmatal 
line texture, apparently the result of cfaeraical a; 
in the total absence of the remains of orgaiUBa^l 
bodies, and alaa of imbedded fragments oi pebMak, 1 
derived from other pre-existing Kocks, These c 
ractera, together with the circumstance of the lock^ I 
poBseBHing them always occurring beloia, but ije» 
above., those distinguished by an 0[>|}aBite chaiacte 
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naturally led to the inference that they were rot only 
of an older date, but that they were formed at n period 
antecedent to the existence of organized beings npon 
the globe. From these consideratioiiB this claaa of 
rocks receiscd the name of primitive, from the earlier 
geologiata, an appellation which has since been modi- 
fied into prtmary, the name now generally adopted. 

The term seeondary would, perhaps, strictly apeak- 
ing', embrace the whiile m»ss of Btratified rocks, which 
are not included as primary, their eliaracters being in 
every respect the very reverse of the latter. Thus 
they are generally of a loose earthy texture, and eshi- 
bit but little appearance of crystalline structure. 
They contain, often in vnst profiiaion, the foiail re- 
maiiia of both ammal and vegetahle produetions, and 
di^ay the most unequivocal marks of being made np 
in great measure of pre-exiating materials, or the 
waste and ruin of the subjacent primary strata. 

Soch are the general characters of the great roBss 
of the secondary atrata; but, as further Biibdivision 
waa considered desirable on the ground of conre- 
nience, the claaa called Iransitinn waa formed out of 
the hicest, and that called leriiary out of the lughest, 
XDcks of the group. 

To explain the first of these terms, we may observe 
that, however distinct the primary and secondary rocks 
may he in moat of their characters, it ia often difficult 
to draw au absolute line of demarcation between [them 
in their natural place, as the lower secondary rocka 
are frequently inter sir liijied with others considerably 
reaembliug the ptiniary claaa, and generally contain 
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organic remains much more sparingly than the roci 
ahove them. To this ckss, therefore, the name oi 
transition was given, as heing indicative of their 
intermediate character, and from the presumption of 
their having heen formed while the earth was passii^ 
from a state devoid of organic life into one in which 
organization hecame fully developed. The term is 
however very indefinite, and, as before noticed, is 
now disused by many geological writers. 

On examining with attention the numerous spoils 
of the animal and vegetable kingdom, which charac- 
terise the secondary group of rocks, it was soon dis- 
covered that a large proportion of them belonged to 
■species entirely unknown in a recent state^ and 
which appear successively to have been created, and 
to have been destroyed, during the early revolutions 
of the globe. It was also found that some of the 
uppermost and consequently most recent of the se- 
condary rocks contained fossil remains, not differing 
front those forms of organic life which are now in 
existence. The naxtke-iertiary was then given to the 
strata containing the latter, while that of secondary 
was retained for that lower class of rocks in which 
fossils belonging to extinct species only are known to 
occur. 

It will thus be seen that each of the great classes 
of stratified rocks has been built up with regularity, 
and has a certain relative position of its own, the 
primary always occurring lowest, and the transition, 
secondary, and tertiary, being respectively next in the 
order of superposition. With regard to the unstra- 
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i rocks, however, this regularity of poaiticm pre- 
a much leas d^ee, (as might indeed be in- 
(bred Irom their volcanic origin,) although it may be 
'WOguiEed to a limited extent. These rocks are dis- 
trilmed mnong all the diSerent classes of stratified 
Kki, and occur most abundantly in vast masses pro- 
Iniding fram below the latter, and aujiporting them, 
IP wluch case they are termed pHmary unstratified 
They also occur in irregular masBCa lying 
1 the stratified rocks, but always issuing from 
Wow, ill very irregular beds protruded between them, 
T in dykes or channels filling up rents or dagures 
which have formerly existed in them, Unstratifiecl 
rockt, when they occur in the three latter modes, are 
often termed trap-rocks, and are much less extensive 
thui those belongii^ to the primary class. 

IftD the six great classes of rocks now enumerated 
<te vid diluvial and alluvial deposits, and modern 
tolcanie rocks, it will be seen that the whole known 
Baierials of the globe are thus reduced within the 
cumpnsB of a convenient and comprehensive classi5- 
caiion. 

Il has been already observed that the external con- 
GjWstton of the earth's surface is closely connected 
with its internal structure, the hard rocky materials 
flf the frlolw generally forming abrupt and mountain- 
«B districts, while those of a loose earthy nature form 
low mid comparatively level tracts of country, Con- 
leclhig this circumstance with the classification just 
4eiKribud, il may be stated, as a general ftct, that it 
il tlie primary class of roclte, both stratified and 
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)U]6traliG«d, together with the truisition rocks lying 
upon them, ■which throughout the world furm tiie 
mountaiuoua regiona before notiaed, while the second- 
ary and tertiary Btmta form, in like naanner, all tte 
bwest and moat level portioiia of the earth's eut&cc. 

The mode in which the Tarioua clBsees of rocks are 
usually found grouped together, and ako the manna 
in which the estcmal features of the earth are afiiected 
by its internal sfructure, will be more cJeai'ly under- 
atood by reference to the diagram, fig. 1, Plate 2. It 
may he observed that the unstratified primary roclu 
often range in yast irregular curved lines, Qncloeing 
large areas or 6an'nf, partially filled up by the stratified 
class of cockB, a case which actually applies to a large 
portion of Europe. The diagram represents there^ 
a section taken aerosa an area of this kind, and crow- 
ing the enclosing unstratified rocks, at both estre- 
mitiea. 

If wc would apply this diagram to theactual struc- 
ture of any part of the globe, that of Europe for in- 
stance, we may consider the elevated primary rocks 
on the left hand to represent the inountainB of Scat«J 
land, and those on the right as the Alps and t 
mouotainouB regions of Switzerland. The second* 
tract of strata will represent a large portion of Bnpl 
land, France, and northern Germany, and the small d 
posits of tertiary strata in the centre will show the cAaJ 
basins, as they are termed, of London and Parig. ' 
trap-rocks on the one side indicate the position of masM 
abeady noticed as existing near Edinburgh, and ttu 
on the other, similar masses occurring in Germanyia 
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A is needless to o'bsemre on lihe want of proportion 
and other defects of this diagram, which is of cotnrae 
iQerelj intended to convey a very general idea of the 
Dature of the earth's structure. 

After the preceding general view of geological 
science, it will now be desirable to proceed more into 
detail, and in the first place to point out the individual 
rocb which collectively form the great classes before 
noticed. This will be most conveniently exhibited by 
the following tabular view, which shows ail the moat 
important rocks of the geological series, with especial 
reference to the structure of our own country, in which 
we may consider that series to be very perfectly de- 
^loped^ although we are deficient in some of the 
upper members of the tertiary das^ and also in 
nwdem volcanic rocks. 

Tabular view of the order of superposition of the principal For- 
mations or Groups of Rocks, both Stratified and Unstra- 
tified, befpnning with the highest^ and, consequently, most 
recent: — 

STRATIFIED ROCKB. 
Recent Formations. 
ADinrial and diluvial deposits. 

Tertiary Formations. 

^teruaUng marine and freshwater de- 

poiHf. 
LoodoD clay, with septaria beds. 
I'lastie elay and sandy beds. 

Secondary FormaHons. 

q,^lfc S Subdivided into upper and 
X lower challc and chalk marl. 

( Subdivided into upper gnen* 
Giieaiuand< sand, gault, aud lowor 
\ greensand. 



UNSTRATIFIED ROCKS. 

Modern volcanic rockg, as lava» 
volcanic ashes, &c. 



'* 
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STRATIFIED ROCKS. 

{Subdivided into Weald 
clay. Hasting* sand, 
and Purbeck beds. 

r Subdivided into upper, 
OoUtic group -j middle, and lower 
^ oolite. 

( Subdivided into upper lias shale. 
Lias < marlstone, lower lias shales and 
t limestones. 

iSabdivMed into red 
marl, red sand- 
stone, and con- 
glomerates. 

I Subdivided into 
magnesian lime- 
and sandstone 
beds. 

Trwuiticn Fomuitioni, 
Coal measures. 
Millstone grit series. 
Carboniferous or mountain limestone. 

' Subdivided into up- 
per sandstones and 
couKlomerates, 
roans, limestones. 



Old red sandstone 
and flagstone 
beds. 



and flags. 



Silurian rocks. 



Subdivided into Ludlow 
rocks, Wenlock and 
Dudley rocks, Horder- 
ley and May Hill rocks. 
Builth and Llandeilo 
rocks. 

Grey wacke slate and interstratified transi- 
tion limestones. 

Primary Formations. 
Primary sandstone. 
Primary limestone. 
Primary clay-slate. 
Mica slate. 
Gneiss. 



UNSTRATIFIED T 



Basalt. 
Amygdaloid. 



Greenstone. 
Syenite. 

Porphyry. 

Diallage rock. 
Serpentine. 

Granite. 



In this tabular view only the principal subdivi 
are noticed. 

With regard to the synopsis here given, 
necessary to observe, that it must not be suppo? 
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exhibit the mineral structure of every part of the 
globe, or even of any particular portion, without con- 
siderable modification. It shows, however, the order 
of the principal groups of stratified rocks in those 
countries where the series is most perfectly developed, 
which is the case over a large portion of Europe. In 
some parts of the world, America for instance, many 
of these groups are entirely wanting, and even in our 
own country some of the members are not always 
present, as in Devonshire and Somersetshire; where 
the new red sandstone rests immediately on greywacke 
slate, the whole carboniferous group being either 
absent or very imperfectly represented, while the 
Stafbdshire coal-measures rest at Dudley upon a 
transition limestone, their usual substrata, the mill- 
stone grit and the carboniferous limestone, not occur- 
ring there. The unstratified rocks may be considered 
as generally occurring among the stratified in an order 
approaching to that which is here given ; the reasons 
of their irregularity of position will be evident from 
what has been previously stated of their origin. 
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GzoLooicAL Structurb of Grbat Britaik — General Desorzptzon of 

THE IfOVr iMPO&TAirB SoaKH^X8PBCBAI.C7 THOil OCCtTBBXNfll XIV GUEAT 

Britaik: Stratified Rocks: General Review — Nature and Arrange, 
ment of Facts. Dilxtviai. Deposits : General Views — ^Examples — Theo> 
Tetiaal YiewB^FoBsil RemainB— TBRTiAmr Dxpokts : Gcnexal. Rafnsv 
— Particular Description— Crag— Bagshot Sand— Alternating Marine 
and Fresh- Water Deposits— London Cl&y — Plastic Clay^~MteenUs of 
Tertiary Stmta— Rise of Bpringa in Tertiary Strala. BaooMUkST Fom- 
MATiONs: General Views— Chalk Formation — Fossils — Springs, &c.— 
Inclination — Origin — Minerals — Greensand — WeaMen Fotmctloii— 
Oolite Formation— Upper Oolifee— Middle Oolite— Lower Oolite— Lias- 
Fossils— Minerals — New Red Sandstone — Rock Salt, &c— Local Details 
— Magnasian Limestone — Coal Formation — Faufts — ^Variefiesof Coal- 
Mineral Structure of the Coal Formation — Its Developmentin Graat Brir 
tain— Foreign Localities — Organic Remains — Origin of Coal — Detailed 
View of the British Coal-fields — Somersetshire rnnl flrH Foninf oTniMm 
Coal-field— Great South Wales Coal-field- SouthStaffurdshire Coal-field 
— Flintshire Coal-field— Lancashire Coal-field- Yorkshire, Derbyshiie, 
and Nottingham^ire Coal-field — Whitehaven Goal-lMil— DodiaBi oad 
Northumberland Coal-field— Great Scotch Coal-fields— Minor Coal-fields 
of England — Shropshire — Warwickshire — Leicestershire — North Staf- 
fordshire. &c. — CalmifeBOUs Deposits of North Devon— Coal-Mds of 
Ireland— Mining in Ireland — Importance of our Coal Deposits — Pro- 
bable Duratiun of our Reserves of Coal — Millstone Grit — CarboniKeroos 
or Mountain Limestone— Looalitiss — Organic Remains— Mineral Pro- 
duce — Scenery — Old Red Sandstone— Silurian Rocks— Ludlow Rocks^ 
Wenlock and Dudley Rocks — Horderley and May HiU Rocks — ^Bnilth 
and Llandeilo Rocks — Greywacke and Greywacke -Slate — Fossils- 
Localities— Mineral Produce— Origin— Transition Limestone, or Grey- 
wacke Limestone. Primary Rocks: General Views— Primary Sandstone 
—PrimaryLimestone— Primary Clay Slate— Mica Slate— Gneiss. Ux- 
STBATIFIED RocKs : General Views — Modern Volcanic Rocks — Basalt — 
Fingal's Cave — Giants' Causeway — Amygdaloid— Greenstone — Syenite 
— Porphyry — Diallage Rock — Serpentine— Granite— Localities — ^Uses 
— Mineral Produce.^ 

GEOLOGICAL STRUCTURE OF GREAT BRITAIN. 

We may now proceed to consider the individual 
Character of the formations or groups of rocks enu- 
merated in the preceding tabular view ; and as in 
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tlieOdi leference will clucfly be made to iheir 
\aa uul peculiaritiea within the limits of our 
<iwD coiuitry, a general view ol the geological atruf- 
Great Britain will first be desirable, 
iianuiuiig tlic iuterual structure of this country, 
ii (riU be fuuad. tha,t Great Britain offers a very beau- 
bful iUuBtration oi! tlie great principles of geology, &g 
it presents a very complete assemblage uf rocks, from 
&J|mmiI ancient to those of comparatively modern 
^^^^B, aUluiugb not the most rcceut lino^vIl. 
^^^HbcK rocks are aUo diGposed in such a mannfif 
^^^^coDgly to nrntk the phyeicnl geogr^hy of the 
CDUntry; and while our e.vtenaive line of sea-coast 
pKteiita inaumerable and beautiful sections of the 
Iwious rocks and strata, which, after raiigiug regu- 
lifif acruDs the island, are tetmina;ted in sutcesaion 
bj IwlU clifia upon our shores, opportunities equally 
Bmaeruus and instruelive, for studyii^ the geology 
«f ihe interior, are afforded by our mountains and 
nUeys, ami by our ouroerous mines and quarries, 
4iul tlie deep cuttings fur roads, canals, railways, and 
tttier public works. It may furtlier be observed, 
1^ no country presents greater inducements tor 
gEologtcal study on the grounds of jiractical utility 
tbgu are to be found in Great Britain, for in no part 
<if ibe world does nature U]jpeai to have concentrated 
(udi vast dejio&itB uf mineral wealth withiu so limited 
a tpace. Tlie most valuable of all mineral suhetances, 
Moi and iron, we possess in what may almost be 
'o&se abundancCi Tin, capper, lead, and 
m«tale, are found iu enormous quantity ; rodt- 
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salt anii building-stone of every variety, from the 
coarse enduring granite to the finest kinda of orna- 
mental marblea, exist in such quantity as to dePf 
cxhauation. 

Tlie general direction of the secondary atrata of this 
country, which form the most regular and striking 
feature of our stratification, is from saulk-tcest 10 
north-east, and they range thus from the coast of 
Devonshire and Dorsetshire to that of Yorkshire and 
Durham, having a general dip or inclination to the 
south-eastward. The formation hest known sud 
most easily traced is probably the chalk, which, it 
will also be remembered, forms the uppermost of our 
secondary strata. This formation ranges in the di- 
rection before noticed from the coast of Dorsetshire to 
that of Yorkshire, and estenda in some places quite 
to our eastern coast, but has two depressions of greit 
extent in its upper surface — the northern and principil 
one including London and it« vicinity, Middlewi, 
Essex, &c., while the southern one includes part of 
Hampshire and the Isle of Wight. It is in these 
hollows, or basins, as they are geologically termed, 
that the tertiary strata of this country are deposited, 
these groups being respectively denominated die 
" London," and the " Isle of Wight basin." 

Towards the bottom of the secondary strsta i» 
situated one of our most extensive deposits, the nem 
red sandstone and its associated red marl. Thi( 
dejiosit runs north-eastward in a zone paraUel to the 
chalk and subjacent oolitic strata, from the coast of 
Devoaehire to that of Yorkshire and Durham ; but 



DBSCRIFTIVE GEOLOGY. 117 



ibntit the middle of its courae, or in Wanvickahire 
■lid idceBterahixe, itexpanda into a vast traci occupy- 
ing a large portion of central England. This tract 
•treiche* north-weatward over parts of StafFordahiri!, 
Shropshire, CheBhire, and Lancashire, to the western 

QUI. 

The cnal-measuri!i and other rocks of the carboni- 
lemu series, espeoiaUy the ttiountain limestone and 
its iBMciated shaie and gritstone, rise up from beneath 
the new red sandstone, running in a nearly north 
ind south direction, dividing the two branchea before 
meationed, and traversing Derbyshire, Yorkshire, and 
the alher norihern counties. The coal-measures 
alto rise up, in patches of greater or less eittent, from 
Wow the secondary strata, in Someraetshire, South 
Wales, Warwickshire, Staffordahire, Lancashire, 
Yorkshire, Durham, and many other counties ; and 
Ihe whole carboniferous seriea rests upon an immense 
tuts of slalf/ rocks, which forms the greater part of 
Cornwall and Devonahire, of north and south Wales, 
ni portions of Lancashire, Westmorland, and Cum- 
heriand, and occupies large tracts in Scotland, espe- 
dally in the horder-counties, and the Hlghlanda. 

Orimile, syenite, ffreenslone, and other pyrogenous 
recks, are often seen protruding through these slatj 
locks, forming extensive mountainous tracts, aa in 
»ome partB of Cornwall, in the district called Dart- 
moor in Devonshire, in many parts of Wales, and 
tbc norihern counties, and still more abundantly in 

t Highlands of Scotland, apparently forming the 
iation of our whole geological aeries. Pyro- 
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genous rocks of more recent origin, or irap-rocks^ as 
they are often termed, are also seen piercing through» 
or traversing in dykes, manjr of the secondary strata 
as near Dudley, in Staffordshire, and in the great 
coal-districts of Northumberland and Durham. Rocks 
of this kind occur also in masses of vast extent in 
many parts of Scotland, and on the north coast of 
Ireland. 

The mineral structure of Scotland and Ireland 
does not present so much variety as that of England, 
primary rocks extending over the greater part of 
the former country, while the secondary strata 
occupy but a small area, and the tertiary do not 
perhaps exist at all. The principal secondary tract 
in Scotland (chiefly coal) extends from the Fril/h of 
Clyde to the Frith of Forth, and the northern borders 
of this country are partially fringed by secondary and 
trap-rocks. In Ireland, secondary rocks prevail 
chiefly in the Leinster district east and south-east of 
Dublin, and also in Antrim on the north-east coast, 
where they are overlaid by trap formations. 

The small index-map which accompanies this 
volume will afford a good illustration of the general 
geological features of the British islands, while for 
more detailed information the reader is referred to 
the geological maps of Smith and Greenough, or the 
still more recent and correct one published by Messrs. 
Walker, in which both the subdivisions of the strata, 
and the position of the mineral and metalliferoras 
districts, are accurately delineated from the latest and 
best authorities, and a great extent of original in- 
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n embodiefl with that ftn*ioable from d 



BNEB,U. DESCRIPTION OF THE MOST IMPORT- 
AST BOCKS, ESPECIALLY THOSE OCCURRING 
IH GEEAT BRITAIN. 



GntBBAL EETiEw. — ^In the first part of this 
teme a general view was giveu of the cunsii- 
lioft of the globe, and of the nature and rela- 
■n> of the materials of which it is cuniiioEcd. In 
te HCond the elementary facts and principles of 
colagy have been esptlained, and a general review 
■WB tuth of the internal atructure of the earth's 
nut, the nature and origin of those mineral maeaes 
fldii^ it iacanEtnicted,aitd the changes which are 
nrnldng place upon its surface. The ]>resent 
■RitB will, therefore, be devoted to what may be 
BUfd descrijilivi.' geology, or a detailed account of 
kit mineTal maesea before noticed only in general 

- Kuo^ ASD AJt&«,NGiv<^'4T -ot' FACTS. — It is by 
iDfenE on easy task to bring witbK b small and 
neitient compaSE tbc prudigiooE niasa of recordad 
kiclBtive to individual cocks which have resulted 
& ihe uuteil lubotiT« of geologiete. To the prac- 
ll geologist, however, these fiicta form the most 
fotuit brunch of the acien^c ; they are intimately 
HRcted with the Dpcrajiious uf the niioer and cn- 
oe. Bad ou various occasions enormous aums have 
» Wiin»fit)ibly siiuandared nu useless and abortive 
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undertakings, for want of a due acquaintance with 
them. 

In the present descriptive notice of rocks but 
brief allusion will be made either to theoretical views 
regarding their formation, or to the lengthened cata^ 
logue of organic remains which has resulted from 
the labours of naturalists and geologists. These are 
subjects which occupy a large portion of all existing 
treatises on geology, in many of which they are most 
ably treated ; but, the object of the present work being 
essentially practical, the most prominent and im- 
portant points only will be noticed, the selection of 
facts being such as the author is convinced from ob- 
servation and experience will be found of the greatest 
utility. 

Arrangements of the stratified rocks have been 
drawn up by many geological writers with various de- 
grees of success, those of earlier date being now mostly 
obsolete from the more advanced state of the science. 
The arrangements of Mr. De la Beche and of Pro- 
fessor Phillips are the most recent and valuable classi- 
fications of the kind : in the following description, the 
latter will chiefly be followed, as particularly appli- 
cable to the series of the British strata, and of foreign 
localities : further than to point out either the limited 
or general occurrence of the rock, but little notice can 
be taken. 

In a detailed view of rock -formations, embracing 
80 large a number of observed facts as is essential to its 
utility, much must depend on the mode in which these 
facts are arranged, and the particulars they are made 
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to embrace : the following plan may be recommended^ 
as inclading all essential information in a clear and 
convenient form, although too much in detail to be 
entirely followed in the present volume : — 

1. Mineral character of the formation — its subdivi- 
sions, and thickness. 

2. ItB extent — physical geography, and foreign locali- 
ties. 

3. Mode of formation — characteristic fossils, and 
mineral contents. 

4. Inclination and disturbance of strata — ^rise of 
springs, mineral and metalliferous productions, 
»Bd then* uses. 

In addition to these general heads, characteristic 
sections, notices of favourable localities for observa- 
tion, and other additional information, are occasionally 
desirable. 

DILUVIAL DEPOSITS. 

GiNERAL VIEWS. — ^Thc general character of allu- 
Vttl formations having been already noticed in treat- 
"*g of existing changes of the earth's surface, we 
^y proceed at once to those termed diluvial, consi- 
dering them chiefly with reference to our own coun- 
hy. 

Pluvial deposits are those accumulations of sedi- 
njentary matter and water-moved fragments of rocks, 
^ due to existing causes^ which form a superficial 
covering over a large portion of the earth's surface, 
'^■ting upon and concealing the great internal mass 
•^ of stratified and unstratified rocks, and entirely 
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derived from the breaking up and partial destruction 
of them. ^ Deposits of this kind are theredidre the 
results >of the last great <»taftrophe8, iviiich the uir£aoe 
of the earth has undergose, itnd at a period subse- 
quent to its being inhabited by land*animalB eithei 
similar or very nearly similar to t^ose which we now 
see around us, as their bones arc very frequently 
found enclosed in the mass. 

Examples. — ^Diluvial beds are of almost universal 
occurrence, not only in our own but in eycry «ther 
country. We have familiar examples of them m the 
gravel-beds seen in the neighbaurhcK)d of LtBdaa, in 
the vast accumulation of gravel spread over the Mas 
in the midland counties of £ngland, more especially 
from Shipston-on-Stour to the neighbourhood of 
Leicester (a distance of forty miles^ in the scattered 
fragments of the Lickey quartz-rock in Worcester- 
shire, which have been drifted in vast abundance 
from their original site through the valleys of the 
Evenlode and the Thames, to the vicinity of Londbn, 
in the fragments and boulders of granite derived from 
Shap Fells in Cumberland, and drifted eastward into 
the counties of Durham and York. These trans- 
ported fragments of rock differ in size, from that cf 
an ordinary pebble to masses of several cubic feet or 
yards in content, and often many tons in weight. 
Their original derivation admits of being ascertained 
with the greatest precision, both from mineralogical 
composition, and from being actually traceable to the 
spot whence they were torn, on approaching which 
the boulders become more numerous, of larger size^ 
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IB perfectly rounded by attrition, Tlic general 
■wTmcIi tfiey have tfiken in this country ap- 
' fnrs to have been east or south-east, though not 
wilhont esceptiouH, ant! in Scotland the airrface of Uie 
rucks has in smne places been found grooved or 
xcralcheii in the above directioiiB, as if from the 
paBEBge of these blocks over them. It has also been 
rtsted, on bigb geological aulhority, that, "between 
the Thnrties and the Tweed, pebliles, and even blocles 
of rack, mt discovered of such a mineralogical cha- 
r, that tbey are considered as derived from Nor- 
Jl'rteie rinrilar rocks are known to esist." On 
3 distribution of diluvial deposits it may be 
3 fliat they are most abundant in valleys and 
, that tbey are often accumulated in those 
''hMlimiB where the escarpinent of bills lias been 
^luseii to tbeir progress, but in many eaaes large 
"Hildera and transported fragments are found on the 
fwrtrarj on the summits of bills and other elevated 
ftngtioBB. Examples of this maybe seen in the high 
Psund covered by Baglcy Wood in Oxfordehire, on the 
IfflliinMr Bath, and many of the hills in DerbyMhire. 
The phenomenon now under consideration prevalis 
"n a Btill more estenaive scale on the continent of 
™fitpc, where the boulders are often of enormous siae, 
■"^ Ihe general direction which they have taken ap- 
P*»» riB in this comitry to have been southwards. 
Wge blocks of granite, derived from tbe mountains 
w Norway and Sweden, are strewn over the level 
^fcnrrtry which prevails in the northern states of 
■BIB, and are staled to extend into tbc Kuasiou 
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temtuiy. lo Switzerland masses of rock, derived 
from the summits of the Alps, are scattered on the 
opposite chain of the Jura mountains. 

Theoretical views. — The precise circumstances 
under which the mass of sedimentary matter and 
boulders of rock termed diluvium were accumulated, 
and thrown into their present jiosition, is a problem 
of great difficulty and intricacy, nor are geologists by 
any means agreed as to its solution. Without there- 
fore entering into a discussion upon uncertain points, 
which the further progress of the science can alone 
dear up, it may be observed that the agency of pow- 
erful currents of water is undoubted, that the i^ency 
of icebergs in removing some of the largest and far- 
thest transported blocks is at least probable, and 
that the animals living at the period in question 
(whose bones are often preserved in the mass) present 
a close resemblance to the present inhabitants of the 
globe. Among these may be enumerated the mam- 
moth or fossil elephant (elephas pnmigenius)^ the 
mastodon, the hippopotamus, the rhinoceros, the 
Irish elk (cervus giganteus), the megalonyx, the 
megatherium, the hyena, the bear, and the horse. 

Fossil remains. — The bones of animals often 
found in caverns, as before noticed, both in this and 
other countries, belong to the classes above named, 
with the addition of the tiger, wolf, fox, the ox, and 
other existing animals, and the destruction of both 
may have been contemporaneous, or nearly so. The 
celebrated Kirkdale Caveni and its osseous relics 
were most ably explored and described by Dr. Buck- 
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land. Kent's Hole nt Torquay u another example of 
fbe same kind, and many similar ones might be 
named in Germany and other parts of the continent, 
while The researches of Major Mitchell have made us 
teqnainted with the occurrence of similar pheno- 
mena in Australia. The bones thus found in caverns 
will fissures of rocks are usually imbedded in iudu- 
rtteil mud ur sediment, often containing enclosed 
I*Mile», thus forming an osseous breccia. 

TEKTIARY DEPOSITS. 
Qehgbal views. — The mineral character, and 
even ihc foesils, of tertiary formations, differ greatly, 
Iml in a genera! point of view they may be cbarac- 
letisei! as heal assemblages of strata, containing fos- 
nliof exUiing species, and filling up depreesions of 
gnaler or tesa extent occurring in secondary rocks. 
Their general composition consists of sands, clays, 
I -marls, and earthy limestones; they occasionally pre- 
sent distinct allemations of marme and fresh-water 
^dmosits, and admit of a beautiful classification, as 
^Hwds their age, according to the proportion of 
^^^■nt species contained in a fossil state, that prupur- 
^^Ht being in the most ancient tertiary deposits, 
*ltreraely small, and in the most recent amounting 
eren to nine-tenths of the whole. Proceeding on 
ciple, Mr. Lyell has arranged tertiary form- 
ito three great classes, the Eocene, Alio- 
, and Pliocene, distinguished, as the name ira- 
i, by the proportion of existing species, which in 
t uldeet, the Eocene, amounts to only 3 or 4 per 
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cent of the whole number, in the Miocene increaseftto 
20 per cent, while in. the Pliocene it confititute» a 
large majoriby or £coni 50 to 90 per cent of the whole.* 

Particular drscription. — The most recent tcx- 
tiary strata occurring ia Great Britain are depoaita of 
sand and gravel, which have been termed the u^er 
marine formation^ and subdivided into the Suffolk 
crag and the Bagshot sandy these subdiviaions being 
named from their most remarkable localitiea. 

Crag. — The Suffolk crag is a thin deposit, con- 
sisting of strata of sand and pebbles, enclosing shells, 
many of them belonging to existing species, together 
with bones, and in its lower beds abundance of corals. 
The whole mass is much impregnated with iron, and 
in some places does not appear to exceed thirty feet 
in thickness, although in others wells have been sunk 
without penetrating through it. This deposit occurs 
chiefly upon our eastern coast, in Suffolk and Nor- 
folk, where it extends from Harwich on the south to 
Cromer on the north, a distance of nearly 70 miles, 
and forms a flat and fertile district. The crag is 
referred to the older Pliocene period. 

Bagshot sand. — The Bagshot sand occupies an 
extensive, barren, and rather hilly tract, in the west- 
ern part of Surrey, stretching also into some of the 
adjoining counties. 

This formation is a mass of yellowish sand, exhi- 
biting but httle variation of character, and very 
rarely containing fossils. It is generally covered 

» In the aider Riocene 50, and in the newer Pliocene 90 
per centt 
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Willi coane eiliceons giovel to the depth of five <ir 

IMifeet, and in this gravel many silicified fuasils are 

I, chiefly varieties of the echinus, as the cidiirii 

% t^attmgns, and bivalve shells, as ■pectens, &c. 

'" W rerjr imperfect sliells are sametimca founU near 

e of the Band itself: they are converted lata 

K ferruginous landBtuiie, and appear to be the 

r foisils uf tlie formation. In iliatricts wliere 

bflt^iot saud prevails, a hard and duiable sand- 

t b often obtained for biiildisg, though not in 

f peat quantity. This sandstone ia found in 

I n( various abe^ oftea many cubic feet; it 

tiiBlj Hes between the gravel and the subjacent 

1, bm Bometimes in the sand itself. It consists 

laoae particles, with but little apparent cement, 

iDd is soft nhcn first dug out of the ground, but 

kuiicns vu exposure to the air. These luaaees of 

e resemble soiae of our coal-grita; they are 

biy rounded by attrition ; and both their origin, 

ft tint of the great fonnaliou of sand over wliich 

» scattered, offers an iatereatiiig problem to 

^ledagiBl. It belongB to the Eocene period, and 

le in some places from one to two hundred feet 

OepoEits of a somewhat similar nature occur, 

; part of the HampsteaJ and Highgate hills, a 

|l tnct near Eaher in Surrey, and also part of the 

r Forcat in Hampshire. 

ALXBRNATtHG MAaifB AND raBSH-WATGK UEFD- 

BTB. — Ailm-natint] marine and fieil^^ater depoiits 

Hcut in this couutry only in the uorthcm part of the 

IboC Wigiit, and the adjoining coast of Hampshire, 



where they rest upon the LoHiioii clay. They coul 
of ail assemblage of marly stiata, couUining n 
shells, from the nature of which their origin hal 
course beeu aaccrtjkined. The phenomeDon of ali| 
itating niarine and fresh-water deposits is exhilnl 
more distinctly iinil uii a larger scale in the ndl 
bourhood of Paris, where tertiary deposits occur w 

analogous to those under cunsiderution, and fiiid| 

resting, like those of this country, on the gr^^ 
secondary formation of the chalk. Through the 
labour of Cuvier and Bningniart this district has ob- 
tained a classic celebrity, having been the earliest 
tertiary formation which was properly explored. Tho 
Paris basin affords the coarse limestone called " 
caire ffrossiSre," of whicli Paris ia built ; and the e 
linct races of quadrupeds named pakoiherium, anc 
tlterium, &c., were first discovered there, but ti 
of them have since been found in the Isle of Wight. ■ 
London clay. — The London day is an argilla- 
ceous deposit of great extent, well known from its 
forming the substratum of the metropolis, and spread- 
ing over several of the adjoining counties, as Middle- 
ses, Essex, Surrey, part of Berkshire, &c. It con- 
sists of an enormous raass of brownish or bluish clay, 
containing at irregular intervals nodules of a coaiBet|,J 
impure limestone, termed septurin, and, perhaps, ^M 
eome places regular beds of limestone. The Londoit I 
clay was well exhibited in the excavations for tht-t 
London and Birnungham Railway at Primrose Hi9|^ I 
and other o^gk where good specimens of the chip I 
racterieti|^^^^(«eTe to be obtained. They i 
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moetly univalve Bhella, a apecies prevailing very gene- 
rally in tertiary depositB, and among the mast abun- 
dimt rosy be noticed, fusus, rosiellaria, volula, Rnd 
Iwo or three species of nauliius. The remains of 
crocudilea and fiahea have occasionally been found, 
and tiUa a singular deacription of fossils generally 
considered to ha fruits and seed-vessels, of which 
many are now referred to the class of xoophi/Ces. 
They have chiefly been noticed in the cliffs which 
Iwder the Isle of Sheppey, The thickness of this 
femution varies considerably ; about Ijondoii it does 
Dol appear to exceed two hundred feet, but in other 
places it ia four hundred or five hundred feet, or even 
more. The districta formed by the London clay are 
generally fiat, nnd, although not naturally very fertile, 
this stratum admits of succesaful cultivation, more 

I especially where, us is often the case, a superficial 
diluvial covering prevails above it. 

Plastic clav. — This formation conatitutea the 
lowest portion of our tertiary series, immediately 
overlying the chalk, end forming a zone intermediate 
belireen the upper surface of that stratum and the 
London clay. Its extent and localities will therefore 
be best understood when we trace the range of the 
chalk formation. The plaatic clay derives its name 
from beds of fine clay used for making pottery, and 
other par]jose9, which oflen occur in this formation: 
ihe principal part of the deposit consists, however, of 
beds of aand varioualy coloured, and occasionally of 
pabblea. It contains a great variety of fossil remains, 

■^BMly univalves, as ceritkia and lurriiella, some- 
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times bivalves, especially ostreay which are foi 
abundantly in some of the strata near Woolvt 
and Lewisham, and also at Reading in Berksh 
The plastic clay, occasionally, also, contains layers 
altered vegetable matter, somewhat resembling a 
a circumstance which, probably, gave rise to the er 
neous idea of the existence of coal on Blackhea 
about which and Shooter's Hill the plastic clay p 
vails, and where, in forming excavations, beds of t 
sort may have been discovered. The plastic c. 
generally forms a flat country, and is estimated 
from one hundred to two hundred feet in thickne 
Both the plastic clay and the superincumbent Lk 
don clay, are referred to the Eocene period. 

Although admitting of a natural and conveni 
separation, both the London and plastic clay may 
considered in a general point of view as forming 
great series of clayey and sandy deposits coveri 
that depression of the chalk in which the metropi 
is situated, and themselves occasionally overlaid 
beds of sand and diluvial accumulations, the wh 
assemblage forming the tertiary strata of this count 
of which a more limited deposit, as before notic 
occurs also in Hampshire and the Isle of Wig 
Tertiary deposits are very abundant on the Contin< 
where they have latterly attracted much attenti 
more especially those of Italy and Sicily. 

MiNERAI.S OF TERTIARY STRATA. The miuC 

substances contained in our tertiary strata are 
little value or importance. Iron pyrites is the m 
abundant, and occurs in masses both in the LodcI 
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mncl plastic clay. Selenite, or gi/psum, is also met 
witJt in these etratB, and ihe occiirreuce of imperfect 
<■»«/, or li/jnitf, in the piaBtic clay has been already 
noticed. The masses of sepiaria have been rouch 
used for cements, and form the material of " Parker's 
cement," which is used for constructions under water. 

IllSE OF SPRINGS IN TF-RTiARY STRATA.— The 

Kiode in which water is supplied throughout the 
large area occupied by our tertiary strata is highly 
d cB crring of attention. The great mass of the Ijoq- 
flon day is itself impervious to water ; the principal 
source of springs is, therefore, in the sandy and dilu- 
"vial lieds above it, or in the sandy beds of the plastic 
c'ay beneath it. 

It thus happens that in London and its vicinity 
there are two kinds of wells, the deep and ihe shal- 
iO-yr, Tiie former penetrate completely tlirough the 
"Otidon clay, often to a depth of several hundred feet, 
•Od fiiniish pure or soft water from the sands or 
"talk below ; the latter, on the contrary, merely pass 
"^'^ugh the superficial sand and gravel, and derive 
laeit eupply from the rain-water which, after filterini; 
^hro^gl, these beds, is stopped by the tenacious clay 
''eneath them. This water, being much impregnated 
*m iron aii4 earthy salts derived from the strata in 
"^'*ntact with it, becomes what is termed Aarrf water, 
a portion of its solvent power is lost in conse- 
^ence. 

't is to this peculiar geological structure, this al- 
t^mation of pervious and impervious strata, and the 
^'rangcment of the whole into a vast trough or basin. 
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that the rise of the water in the Artesian wells 
London and its vicinity is owing, the water [beio^ 
originally received by the loose pervious strata when^ 
they crop out to the surface on the sides of the chalS^ 
hills which surround the metropolis, and merely rising 
again to its own level, when pierced into by boring. 

SECONDARY FORMATIONS. 

General views. — The secondary formations of 
this coimtry commence with the chalk, and extend 
over a large portion of England, more especially the 
central counties, from Dorsetshire on the south to 
Yorkshire on the north. The general characteristics 
of the secondary strata are the following : — they con- 
tain fossils of extinct species only, and with perhaps a 
solitary exception (the Stonesfield Didelphis)^ present 
no remains of land-quadrupeds, although lizards and 
crocodiles are abundant. They are mostly oceanic 
deposits, and are spread over very extensive areas, 
having arisen from causes far more general than those 
which produced the tertiary strata. We find in them 
very similar repetitions of sandy, clayey, and calca- 
reous deposits to those of the tertiary series, but ge- 
nerally in a state of much gi'eater induration, forming 
compact sandstones, shales, and limestones ; and the 
unimportant lignites of the tertiary rocks expand in 
the lower part of the secondary formations into the 
thick and valuable beds of coal which characterise 
that portion of the series expressively termed the 
" coal'measure " 
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BCralk roRMATtoN. — Chnlk, when pure, coneiatH 

f lime cumbined with carbonic acid, in nearly equal 

partioDs, but it often contaiaa other subatancea ia 

intity, as argilkccoiia and ailiceoaB matter, 
rhis fonnaiion is very extensively developed in 
■gland, and indeed throughout the whole of Europe, 
it appears to be scarcely known in Aaia, and not 
a the cuutinent of America. The chalk, as 
It he well known, forms an estensive tract of 
r, spreading over a large portion of Wiltabire 
^here itfonns SaliBhury Plain) and of the adjoining 
COunliet of Hampshire and Dorsetshire. From thie 
great central diatrict the chalk diverges in four 
brauches, strongly marking the phyaical geography 
of a large portion of England. Tbe principal chain 
Tuns north-eastward, through Berkshire, Biicking- 
liHIiuhire, Hertfordshire, and Cambridgeshire, and 
(tom thence northward through Norfolk and Lin- 
colDshire into Yorkshire, where it terminates at 
Flamborough Head. The second branch runs east- 
ynxd through Surrey and Kent, terminating in the 
Dover cliffs. These two branches of the chalk are 
continuous below, but the intervening portion forms 
it hollow or depression, in which the tertiary de- 
! of the London basin, before noticed, are con- 
The two remaining ranges of the chalk 
e the Isle of Wight basin in a similar depression, 
1 northern branch running eastward from Win- 
tstCT, through Hampshire and Suasei:, to Beachy 
id, llie southern taking a south-easterly course 
rough Dorsetshire to the coast, and re-appearing in 
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the Isle of Wight, where the strata have been thrown 
by subsequent convulsions into a vertical position. 

On tracing the course of the chalk, as above de- 
scribed, upon a map, it will be seen that the tertiary 
basins before noticed are both broken off eastward by 
the sea : it is proper to observe, however, that the 
remaining portions may be satisfactorily traced oa 
the opposite coasts. The range extending from Flam* 
borough Head to Dover may be traced for a great ex* 
tent upon the Continent, while the two southern ranges 
terminate almost immediately on reaching the coast of 
France. It is also necessary to observe that, in the 
space intervening between the two chalk rangea t^- 
minating respectively at Dover and Beachy Head, 
the chalk is entirely broken off and discont^uous, 
this tract being occupied by rocks which will pre- 
sently be described, and which here rise up in a vast 
ridge-shaped mass from below the exterior edges of 
the chalk. A deposit of chalk occurs on the north- 
east coast of Ireland, occupying part of the county of 
Antrim, which is remarkable for being overlaid by 
the mass of basalt which forms the Giants' Causeway 
and the neighbouring promontories. In Scotland this 
rock is unknown. 

The chalk formation is divided into the upper and 
lower chalk, the former or upper portion being cha- 
racterised by the occurrence of numerous regular 
beds of flint nodules, while the latter does not contain 
any, this lower part of the series being generally also 
more indurated and of a grayish colour. At the 
bottom of the chalk is a thick deposit of marl^ gene- 
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rally called the chcUk-marl, which separates it from 
the subjacent green-sand formation and occupies a 
tluckness of from three to four hundred feet. 

Fossils. — ^The chalk is unquestionably a marine 
deposit, and affords a great variety of organic remains. 
Among these may be noticed several species of echini^ 
paiticuUrly the spatangus and the ananchytCj many 
species of shells, chiefly bivalves, as ostreay inoceramiy 
picyiostoma^ terebratulce^ the teeth of sharks, and 
palates of fishes, &c. It is interesting to observe that, 
while the progress of geology has brought to our view 
numy of the most gigantic forms of animal existence, 
and enabled us to contemplate the figures and habits 
of the extinct monsters of the ancient world separated 
f fiwm us, as they are both, by vast intervals of time, 
and by the most extraordinary revolutions of the globe,. 
it has likewise made us acquainted with some of the 
minutest types of animal existence, which have sin- 
gularly been preserved in a fossil state for our exami- 
nation. Mr. Lonsdale, by an ingenious mode of 
investigation, has lately shown us the presence of 
millions of minute shells and coral lines embedded in 
the chalk, whose existence was not at all suspected ; 
while the researches of Professor Ehrenberg of Berlin* 

* The following note from the anniversary address of the 
late distinguished president of the Geological Society^ Mr* 
Lyell, will show the extraordinary minuteness of the fossil in- 
fitsoria discovered by Professor Ehrenberg, which it may fur- 
ther be observed are possessed of an exceedingly complicated 
organization : — 
*' The flinty shells of which we are speaking, although hard 
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have opened a still more extraordinary field to our 
view, having shown that the stone called iripoU^ 
much used for polishing, is wholly composed of the 
siliceous cases and skeletons of fossil animalcules. 
The Marquis of Northampton has lately discovered 
in the fiints of Sussex and other places several 
species of a minute chamhered shell, the spirolimte^ 
which, although smaller than a pea, presents the same 
heautiful and complicated internal structure as the 
nautilus. 

Springs, &c. — From its soft porous nature die chalk 
readily ahsorhs the rain which falls upon it, and, as this 
formation is very homogenous throughout and presents 
no retentive beds, this water passes without interrup- 
tion through the upper part of the mass, till its passage 
is stopped below by the beds of marl and clay which 
underlie this formation. Hence, the lower beds of 
the chalk present copious springs, which either burst 
out naturally in the sides of the hills, or may easily 
be tapped by sinking wells. Chalk is seldom hard 
enough to be used as a building-stone ; its most im- 
portant use is for burning into lime, with which, 
from its extent, it supplies a large portion of England ; 

are very fragile, breaking like glass, and are therefore admir- 
ably adapted^ when rubbed, for wearing down into a fine powder 
fit for polishing the surface of metals. It is difficult to convey 
an idea of their extreme minuteness, but I may state that 
Ehrenberg estimates that in the Bilintripoli there oxe forty-one 
thousand millions of individuals of the Gaillonella distant in 
every cubic inch of stone. At every stroke, therefore, of the 
polishing-stone, we crush to pieces several thousands, if not 
myriads, of perfect fossils.*' 
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I when pnunded and washed to separate the sand it 
I tmai the eubstance called " whiting." 

(CLIN ATION. — The general incliniition of tlie chalk 
y ID considerable : the range extending from 
feshire to Flam borough Head dips to the sonth-enet, 
list extending from Wiltshire to Dover to the nurth- 
wanl, the two ranges being, as before noticed, continu- 
IW8 below. The chalk range extending from Duraet- 
reio Beachy Head dips southward, while that in 
■Isle of Wight, forming the opposite boundary of the 
leCantinuooH mass, dips to the north. Although 
Mj horizontal in its natural position, the chalk has, 
luii'evei, in some places been thrown into high 
ingles of inelinatioii by subsequent internal convul- 
Sjcb has been the case in the narrow range 
cf chalk hilts, espressively termed, from its peculiar 
form, the " Hog's back," which extends from Guild- 
ftrd to Parnham. The chalk has here been thrown 
into a highly-inclined position, and its abrupt outcrop 
it the surface gives rise to a long narrow ridge totally 
unlike the extensive undulating area which itoccupiea 
when in its usual nearly horizontal position. The 
m&u of chalk extending from Dorsetshire to Beachy 
Head, which forms the northern boundary of the Isle 
of Wight hasin, dips, as before noticed, to the south- 
ward; but the isolated portions of the southern 
liouiidary of tins hasin, which are visible on the coast 
of DorsetBhire, and running through the middle of 
the Isle of Wight, instead of having a regularly cor- 
Wtiding dip to the north, have, ns before noticed, 
; places been thrown into almost a vertical 
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position, which is shared hy the superincumbent beds 
of the London and plastic clay. It will thus be seen 
that two great lines of elevation have been experienced 
by the chalk in the south of England, both of which 
range nearly east and west, and that these have 
greatly disturbed its original horizontality of position, 
that in the Isle of Wight being subsequent to the 
deposition of the tertiary strata. 

Origin. — A sedimentary deposit which, like the 
chalk, contains innumerable remains of marine ani- 
mals,mu8t undoubtedly be considered of marine origin'; 
but we have still to consider the question whence came 
the enormous mass of carbonate of lime which now 
constitutes the chalk formation ? It is evidently not 
derivative from the older limestone rocks, for no frag- 
ments of them have ever been found imbedded in it 
It has not been secreted from the ocean by vital 
agency, for, although the ordinary fossils are abundant, 
and an immense number of microscopic shells have re- 
cently been detected in it by Mr. Lonsdale, these form 
altogether a very inconsiderable portion of its whole 
mass. If we look to the manner in which lime is 
produced and deposited in the existing economy of 
nature, we shall, however, not only obtain a solution of 
the problem, but have a clearer insight into the origin 
of those enormous masses of calcareous rocks which, 
like the chalk, do not appear either to have been de- 
rived from the older limestones, or secreted from the 
ocean by vital agency. It is well ascertained that 
many springs issue from the earth, more especially in 
volcanic countries, highly charged with carbonic acid. 
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UmI, thcreroro, under favourable circumstancCB, liold- 
gcarboDate of lime in solution,* which tliey rapidly 
depPsU, sometimes over large oivas in the farm cf 
calcareous tufa, a substance which solidifies into a 
CQiDpttct stoae, as may be eeeii in the rock called Tra- 
nrtiBe near Rome. To similar depositions therefore, 
but in an inGnitety larger scale, we may ascribe t!ie 
origin of ihe chalk and maoy limestones. Lime, we 
biDtr, must exist abundantly in the iuterior of the 
glabe, since it forms an ingredient of granite and 
Bther igneous rocka ; it may, therefore, be taken up 
1^ calcareous springs in their passage through these 
rocks, or they may derive it at once from deeply-seated 
'ngiaal masses of this mineral. 

We have still, however, to account for the nodules 
ofSmt which occur in Euch regular layers, a few feet 
Mpfiratc, always in the upper part of the chalk in this 
wuotry, and, on the Continent, sometimes in the 
lower beds also. Silica, as we see in volcanic coun- 
t, is occasionally lield in solution by thermal 
en, from which it is again deposited ; as is beau- 
tifully eJtemplified iu the Geysers, or hot fountains of 
lochnd, which sjieedily eucrust leaves, branches, or 
Otlier substances, which happen to be exposed to 
tliciT action. Now, we find that silica exists in small 
proportion throughout the whole moss of the chalk 

• Cftilionale of Hroe is >o!uble in water containing carbonic 
■ail, but is preeijntatKd from the Eolutian vheu the tuid 
Mwpe*; h«iiceanse the slalactitei. found in citveriis, and the 
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with which, in its original state, it was doubtless 
completely intermixed. On examining the internal 
structure of flints, we shall generally find that the 
siliceous matter has been aggregated around some 
organic nucleus, as a sponge, or alcyonium. Now, 
. when substances of different kinds are held in solution 
at the same time, there is a natural tendency of 
similar particles to aggregate together, and this ag- 
gregation is always most striking when portions of 
extraneous matter are present, forming local centres, 
or nuclei of attraction — a fact which we see forcibly- 
exemplified by a great variety of geological pbeno- 
mena. In the case of the chalk, it is therefore 
evident that the growth of sponges and zoophytes 
upon the bed of the ocean presented such nuclei for 
the aggregation of the siliceous matter held in solu- 
tion, and determined the greater portion of it into 
those horizontal layers of flint with which every 
person must be familiar — a small portion merely 
being still left in the chalk, entangled, as it were, in 
the mass, and sufficient to indicate its former general 
diffusion. The occurrence of nodular limestone-beds, 
so common in argillaceous deposits, as, for instance, 
the septaria of the London clay, has arisen from 
similar causes to those above described, the calcareous 
matter having generally aggregated around a shell, 
nautilus, or other accidental nucleus. 

It would be incompatible with the plan of the 
present work to trace thus minutely the circum- 
stances under which every individual group of rocks 
has originated ; the foregoing will, however, afford a 
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fair sample of the leaBoning employed by geologists 
on subjects of this kind ; and applying, as it does, to 
a formBfion eo widely extended, eo conspicuous, and 
so well ]tnowii, us the clialk, it will be readily under- 
stood by aim oat every reader. 

Minerals, &c. — The only mineral contained in the 
chalk is iron pyrites, which generally occurs iu brown- 
ish spheroidal masses, presenting internally a fibrous 
radiated structure and yellow metallic appearance. 
The districts where this formation prevails are gene- 
rally marked by hills of a peculiarly smooth and 
rounded outline, often open and imenclosed, present- 
ing extensive downs for pasturage. The valleys are 
remarkable also from often being entirely dry, and 
having no stream ronning through them. The thick- 
ness of the chalk varies considerably, but may be 
estimated as averaging from five hundred to one thou- 
sand feet. 

Green sand. — This formation considerably resem- 
bles the subjacent jVoti sand, from which, in this 
country, it is separated by an argillaceous deposit, 
called the Wealden formation. It consists of beds of 
sand, and sometimes of sandstone, having a calca- 
reous cement, and occasionally contains beds of lime- 
stone. Small plates of mica, and grains of the 
mineral termed ijreeit earth, occur in it; froni the 
latter the name is derived, as, when abundant, it 
gives the soil a greenish colour, although the tint is 
more often brown. 

Tlie green-sand formation is subdivided into the 
upper green sand, ot " firestone" ('iui'^'ed near 
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ReigBte for he&Tthstones), which crops out imme- 
diately below the chalk, the well-known stratum of 
bluish marl, provincially termed ** gault," and the 
lower green sand, which locally contains beds of 
coarse limestone, or " ragstone." 

This formation occurs in many counties in Eng- 
land, and may be described generally, as following 
the line of the chalk before described, and emerging 
from below its exterior edge. The zone thus formed 
by it does not exceed a few miles in width. The 
limestone-beds of this formation, known in Kent by 
the name of " ragstoney* are used for paving and 
building. The sandstone-beds are sometimes com- 
pact enough for similar uses ; and at Blackdown, in 
Devonshire, beds of the compact siliceous substance 
called chert occur in this formation, which are exten- 
sively worked for whetstones. Beds of fuUer^s 
earth are found in the green sand at Nntfield in 
Surrey; the occurrence of "firestone" was before 
noticed. It sometimes contains iron pyrites, hsema- 
titic iron, and other mineral substances. 

The organic remains are chiefly of marine origin ; 
they are very numerous, and often in a very beautiful 
state of preservation. They consist of corals ^ many 
species of echini^ pectens, terehratulcpy &c. Fossil 
wood, in a silicified state, is also of frequent occur- 
rence. The thickness of the green sand is estimated 
at from four to five hundred feet. 

Wealden formation. — The Wealden formation 
occurs principally in Kent and Sussex, where it ex- 
tends from Petworth and Haslemere to the coast at 



Hastings, rising from beneath ihe chalk, and sepa- 
rating the two great bronchca which terminate at 
Beachy Head anJ Dover. Thin tracCB of it have 
aUo, it is Bupjtoaed, been recognised, cropping out 
ftom below the chalk, in some of the midland coun- 
ties, but it evidently thins out very much to the north- 
ward. This formation appcora only to he known in 
this country, and may therefore be regarded as a 
local, although extensive, deposit, intervening between 
tile chalk and oolites — two formationB which extend 
over a large area on the continent of Europe. Three 
Bobdivisions have been established ; the weald clay, 
vfhicb forms the upper portion of the maaa, and con- 
tKiDB numerous fresh-water shells; the iron sand, or 
Hastings sand, which forms the central portion; 
■nd btds nf clay and limestone, containing fresh-water 
■lielta, forming the base of the series, which, from 
ibeir being best known in the quarries of the hie of 
Purlwck, have recpived the name of " Purbeck beds." 
Tlie upper part of this formation is argOlaceoua ; 
ihe nuddle, termed the inn sand, or Hattings sand, 
is, of course, arenuLCDus ; the lower couaists of clays 
MMi limestones The upper argillaceous portion often 
otmUun* calcareous matter, becoming then a bluish 
or grayish marl It sometimes iocliides beds of an 
impure argillaceous limestone, containing numerous 
fossils, winch have long been quarried at Pelworth in 
Su>Kx. This stone has hence received the name of 
" PftKurih marble,'" and was formerly much used for 
ereanicntal purposes, and may thus be seen in many 
of Otir ancient churches. It has, however, been long 
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superseded by the more beautiful and compact v 
ties belonging Ki the older limestone formations, i 
h now but little used. 

The iron sand, or Hastings sand, as it ia { 
called, wbich forms the middle part of the Wealdc 
foniiBtioii, coBsiata of beds of aand and soft aandstom 
which are generally of a brown colour, owing to the 
quantity of oxide of iron which they contain. Proa 
tlua circumstance, and from strata of this class pr^ 
vailing over parts of Suasex, and especially nei|> 
Hastings, the above names huve been derived. Thiii 
formation occurs also in Bedfordshire, BuckinghsB 
shire, and some adjoining counties; some of tl»! 
strata are so highly ferruginous as formerly to h»»f 
been worked fur the iron they contain, in some paitl 
of Sussex. Beds of fossil wood and carbonaceoiif 
matter considerably resembling coal occur in tbil 
formation ; and this circumstance has occasiuaed. 
some espensive but fruitless attempts to procure tt 
mineral at Bexhiil, likewise in Sussei. The beds of 
sandstone are sometimes compact enough to he quif^ 
ried for paving and other purposes. 

The Purheck strata, which form the base of ths 
Wealdei) formation, are best exhibited in the qnarritt 
of the Isle of Purheck, where the limea tone-beds bafl 
for a long period, been extensively quarried. T 
consist of clays, marls, and shelly limestones; 
latter have a compact texture, and were fonnei^ 
much used for paving-stones. 

ThePurbeck strata are separated from theadjacerf 
oolites, in the Isle of Portland, by a very remarkabK 
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bed, locally known, by the quarrymen, as the " diri- 
feed." It is, in fact, a bed of vegetable mould, inter- 
posed between the fresh-water limestone of Purbeck 
sad the subjacent marine limestone of the Isle of 
ftrtland. This bed is completely studded with the 
fossil trunks of trees, the roots imbedded in the soil, 
exactly as they grew at the period when this now- 
subterranean spot was clothed with what must have 
^een a magnificent tropical forest; for it is ascer- 
^ined that the trees belonged to those extinct species 
^'esembling the Cycas and Zamia, which could only 
have been the growth of a hot climate. These tnmks 
^Tt broken off at a few feet above the ground, and 
^le completely silici6ed, or converted into a substance 
Nearly resembling flint. The branches and upper 
portions torn off among the ancient revolutions of 
the globe — of which this remarkable spot affords so 
striking an example — have perhaps contributed to 
form the beds of lignite which occur in the superin- 
cumbent Wealden formation. 

The organic remains of this formation differ greatly 
from those of the marine deposits above it, evidently 
pointing to a lake or sestuary origin, with the adjoin- 
ing shores covered with vegetation, from which, as 
above noticed, the carbonaceous strata have probably 
been derived. The vast and extraordinary reptile, 
called the Iguanodon, which must have been upwards 
of 70 feet in length, was discovered by Dr. Mantell ui 
this formation. It contains many sestuary and fresh- 
water shells, as cyprides, unios, &c. 
The clayey portion of the Wealden rocks forms a 
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flat tract of country ; the sandy fonns hills of conai- 
derable height, eapecially in the wealds of Kent and 
Sussex, where this formation chiefly prevails. The 
thickness of the formation may be estimated at about 
eight hundred feet. 

Oolite formation. — ^The deposits classed together 
under this name are of a very comphcated character^ 
consisting of numerous alternating beds^ following 
each other in nearly the same order, but differing 
considerably in composition and appearamee. The 
predominant feature of the formation consist^ how- 
ever, in the frequent occurrence of a Itmestome^kftwitd. 
by small spheroidal particles, and held together by a 
cement, chiefly composed of calcareous, but freqaeotly 
containing also argillaceous, matter. This limestone 
is found resting upon beds of calcareous sand and 
sandstone, which themselves repose upon a thick 
deposit of clay ; and this triple association of strata, 
three times repeated, constitutes the ooHte formation 
in this country. The oolites are very fully developed 
in England, where they form one of the most promi- 
nent and interesting features of our stratification. 
They extend from the coast of Dorsetshire on the 
south to that of Yorkshire on the north, averaging 
about two thousand feet in thickness, and from twenty 
to thirty or forty miles in breadth. The oolite forma- 
tion occurs also in the Alps, in Germany, Russia, and 
other countries of Europe. Humboldt supposed he 
recognised it in equatorial America. 

The limestone-beds in this country generally form 
a range of hills of considerable elevation, in the lower 
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I of which the sanJj strata appear, while the 
J (fepositB, emerging from below, constitute a 
r IinMii (Jjim valley, which intervenes between each of 
e ooJilie tsnges. The basset of the oolites forms, 
therefore, a series of wedge-like escarpmenta, the 
abnipl alope of which generally faces the north-west, 
forminea prominent feature in the phyaicul geography 
of many of the midland conntiea. The soil formed 
bjr ibtse Etrsta is of courae variable, but generally 
wlinita of being well cultivated. 

The oolite series is very important aa regards its 
architectanl uses, the atone furnished by it being in 
manT eiLBes flutficienily durable for most purposes, 
and also easily worked, whence the name " freestone." 
The Portland stoni; the Baih ilone, and other kinds 
mnch vftlned by Architects, belong to this formalioa; 
and JI has fumiKhed the materials for some of the 
ilwM etroctures in this kingdom, among which may 
he OBined St. Paul's Calhedml, the Monument of 
lAddoB, WestminBter and Blacktriars' Bridges, &c. 

Some of the oolitic strata, however, are too soft to 
naiit iIk action of the weather, and in time suffer 
greatly From this cause, as may unfortunately be seen 
in many uf the tine colleges and halls at Oxford, in 
wfai^ the more delicate and ornamental parts of tlie 
cocteriorare fast going to decay. For public buildings 
whesB great durability is an object, the oolites should 
ihn^ be used with much caution. 

It will readily be seen, from the forgoing descrip- 
tioo* thai the oolite formation admits of a natural and 
convenient ftubdivieion into three portions, which have 
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been named, from their relative situation, the upper, 
middle, and lower oolite. These BUbdivisions will 
nest require notice. 

Upper oolite. — The prevailing feature of ihiB 
formation consists of a whitish or yellowish oolitic 
freestone, which is perhaps best known in the Isle of 
Portland, where it has been extensively quarried for 
centuries under the name of " Portland stone." Thia 
limestone forma the upper part of the series, and the 
strata are not unfreqiiently separated by thin layers 
of the siliceous substance called " chert." Below the 
limestone a aeries of calcareo-Biliceoua beds arc <rf 
common occurreuce, and an extensive deposit ef 
clayey beds, generaUy termed the " Kimmeridge clay," 
forms the lowest part of the formation. This lait i 
deposit is remarkable for sometimes containing stralx U 
of bituminous shale, which is so inflammable a 
have been locally used for fuel, although forming i 
very indifferent substitute for coat. It has chieft] 
been applied to this use at a place called KinI 
meridge on the coast of Dorsetshire, whence the nanH 
of '' Kimmeridge clay" has been applied to the v 
gillaccous deposit containing it. The occurrence M 
this substance has in many places led to fruitleit 
trials to obtain that valuable mineral coal, which, tf 
will be seen, is separated by an immense thickueae (^ 
rock from the strata we are now considering, ehouJ^ 
it indeed exist below them. The upper oolite is coiti 
sidered to be about 400 feet thick. 

MmDLE ooLtTE. — This formation resembles titl 
one lost described in many of its general characters 
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Wl is distinguislied Lj the occurrence, in many places, 
Wpeuidly in Oxfordshire, of aa immense mass of 
coralline limeetone, which preBenta such close au- 
I alogiei to ihe coral reefs now formiiig in tropica! 
Wpu, that it can only be regarded as having had a 
IT origin. The upper part of ihe formation con- 
a coarse oolitic limestune, with fragments uf 
the " corai rag" (or coralline limestone) is 
i below this, heing itself succeeded by calca- 
t SDd sandy beds, the whole resting upon the 
s deposit called the " Oxford clay." This 
I much resembles the Kimmeridge clay; it 
B beds of bitummouB shale, and occaaionully 
stone. The flat country forming the 
y of the Isis at Oxford consists principally of 
fcclay, and from this locality its name has been 
The middle oulite is between four and iive 
ilred feet in thickness. 
WEE OOLITE. — This formation is generally sub- 
4 into great oolite, lower oolite, and subjacent 
ly beds, the whole resting upon the great argilla- 
pdeposit called the lias. The mineral character 
"le great and lower oolite is nearly similar, both 
iling of whitish, yellowish, or greyish oolitic 
jne. but the fonner afTorda the beat material for 
iteclural purposes, the lower oolite being often of 
indy texture. The two formations are ae- 
d by a series of argillaceous strata, one of which 
e " Sloneifield date," well known from the sin- 
f nftture of its organic remains, which include 
>l remarkable species both of marine and tcrres- 
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trial animals, including the Didelphis^ the only qu^ 
druped known in the secondary strata. The lower 
oolite, as before noticed, is often of a sandy nature, 
especially in Northamptonshire and some of the mid- 
land counties, and in the lower part of the formation 
the sandy beds often constitute the entire mass, sepa- 
rating the oolitic beds from the next formation or 
lias. The lower oolite is considered to average 400 
feet in thickness. 

Lias. — ^The rock termed lias is a vast argillaceous 
deposit, forming the basis both of the lower oolite and 
of the whole oolitic system, its characteristic feature 
being the occurrence of a bluish clay or shcUe^ con-r 
taining thin beds of impure limestone. The lias is 
generally subdivided into upper lias shalcy marlstone, 
and lower lias shale. The former generally appears 
as a tenacious deep blue clay, the marlstone consists 
of gritty and coarse calcareous beds, while the lower 
lias shale, which forms the principal part of the for- 
mation, consists of a dark-coloured slaty clay, or 
shale, sometimes bituminous. The limestone-beds 
chiefly occur in the lower lias shale; they seldom 
exceed a foot in thickness, and are disposed in parallel 
seams with a remarkable degree of regularity. The 
lias is seldom less than 500 feet in thickness, and in 
some situations it is perhaps twice as much. 

Like most other members of the oolitic series, the 
lias is remarkable for the number and variety of its 
fossils, which throw considerable light on the mode 
in which this formation was accumulated. It ii 
evidently, like the rest of the oolitic strata, a marine 
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depoeiti and must have been prudnced by a sloiv and 
nnintemiptcd action, favourable both to the e. 
and preservation of animal life. Fi 
numbcT of luarine Bhells, it would not appear that the 
Bca -mas deep, while, from the remains of Idhyosauri 
and Plfrimauri, animals of amphibious habits, it 
mmy be eapposed that a neiglibouring shore was in 
exuiencc, a supposition confirmed by the vegetable 
frtsi>i1s and beds of lignite irhich are contained in this 
larmation. 

In an extensive scries of observations on the lias, 
and the subjacent new red sandstone, the author has 
beieti repeatedly strack with the great contrast which 
prevail* betvi'een them ; the former absolutely teems 
*ith anitnal life ; not a quarry can be esamined 
•fcieh does not present it u)idcr a great variety of 
fwms. With the lowest stratum of the lias this 
timtidonce ceases ; the new red saudatoue, which 
cones immediatdy bdow it, contains scarcely a vei- 
I^ofuiimal or vegetable existence, and the geoJo- 
^Uty travel for miles, and examine quarry after 
^owrj, without discovering a single trace of either. 
Tbi probable causes of this remarkable contrast will 
l* nuticed in treating of the latter formation. 

T^ general extent of the oolite formation from the 
■"ut of Dorsetshire to that of Yorkshire was hefor 
"Wiced, and, in thus crossing the country, the rocta 
rfthis series form portions of the following counties: 
iwjetoliire, Somersetshire, Wiltshire, Gloucestershire, 
vlftrdsbire, Northamptonshire, Rutlandshire, Lin- 
•, and Vorl»hire, where they t 



lai^e pgrtion of the East and of the North lUdingiig 
fiDslly lerminiiting on the coaaC in the vicinity ( 
Scarborough and Whitby, where fine aections arc 
presented by the cliffs. The aggregate thicltneaB ofl 
the oolite formation has already been stated at about, 
two thousand feet,' but it should be observed that 
the Hoiithem counties the beds become much thinner. 
At Pucklecburch in Glouceote rehire, and other places,, 
they have been eunk throug-h to reach the coal bi 
neatb, and found less than two hundred feet i 
thicknesB. 

The oolite series occurs very sparlogly in Scotland ; 
on the western coast it appears in the Isle of MuU 
and the Isle of Sky, and skirts a portion of the east- 
ern coast from Brora to Caithness; at the formeR 
place it coiitaiua workable seams of lignite, or im« 
perfect coal. 

Fossils. — The organic remains of the oolite ft 
tion are extremely nunieTO\is and highly intereatia^ 
Many of the species are of marine origin, while other* 
are httoral, showing that these deposits were formed ii 
a sea bounded by shallow creeks and mstuarici. 
forms are also such as to prove that a humid and ti 
pical climate existed at the time. 

The occurrence of corals in the middle division tl 
the oolites has already been noticed. Ammonitet 
(especially A. Bucklandt, and A. Conybeo 
found in great abundance in moat of the oolite strata: 
this aeries has indeed been ttnaeA" AmmoneanTocks,"' 
from this circumstance, by a continental writer. 
Gryphites (especiallv G. incurva and G. dilatala) 



tmd bctemnites &re also found in great number- 
Amoog the bivalve gIicUs, which are very Dumerous, 
trigonia and ostrea, (especially 0. deltddea,') terelra- 
ImIu, eaTdium, and {iltujiostoma, are very common in 
»Mae of the oolitic strata, 

Tt* nioBl remarkable fosails of the oolites are, how- 
fver, flietemaiiiB of ssuriauH and crocodUes of im- 
BMnwttKe, and of extinct species, Among these the 
ktki/osaurus, theptesiosaums, anAthsmei/alosanrvs 
We mott common and best knowTi, both from the 
finfi skeletons placed in our museums, and the various 
flalw and figures of them which have been given in 
'UioiiB geological worka. Saurian remains, although 
ftuiid in the middle and lower oolite, are most 
ibuwliuit in the Has. 

Il is necessary lo observe that, notwithstanding 
4e general character which pervades the organic 
WBainsof the oolites, considered as a whole, each of 
•J* lliree great subdivisions is also distinguished 
111 ■'« own peculiar fossils, and even many indi- 
loml strata are strongly characterised in the same 
nunner. 

HisEBALS. — The mineral contents of the oolites, like 
'wne of tlie rocks above them, are not very important ; 
wycoiiBistin the occasional occurrence of beds of lig- 
f'le iu the lower oolite, and of layers of ironstone and 
PJriles in the lias. The lignite is worked to a small 
Rtent for fuel in the eastern moorlands of Yorkshire, 
Wthe quality is indifferent ; the lias ahale is worked 
Wfslani, on the coast near Whitby, and produces a 
'wge quantity of this substance, which arises from the 
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decompositioa of the pmtes, and the unioD of the 
snlphunc acid wkh aigiUaceooB matter. 

Before quitting the oolites, it is proper to observe 
that, of the numerous unsuocessfiil attempts to obtaio 
coal which have been made in various parts of £d^ 
land, by far the greater number have been in rocb 
belonging to this fonnatiun. This circumstance bn 
been occasioned by several causes, which it may be 
well here to notice. 

Many of the clayey beds of the odites, and moie 
especially the dark-coloured shale of the lias, consi- 
derably resemble the days and shales belonging to 
the coal formation, thus countenandng the idea of the 
existence of coal, as it is usually found to accompany 
strata of this description. The occurrence of bitu* 
minous shale and of lignite, both combustible sub- 
stances, and bearing, to the common observer, some 
appearance of imperfect coal, has already been noticed; 
and, reasoning on these delusive analogies, that true 
coal would be found on sinking to a greater depth, 
large sums have at different times been expended in 
absurd and unsuccessful trials, encouraged either by 
ignorance or fraud. 

This waste of capital might in most cases have 
been avoided by a general examination of the dis- 
trict, which should always precede mining operations, 
and which would at once have dissipated any illusion 
arising from partial and deceptive appearances. At 
the present time, indeed, the stratification of this 
country is laid down with so much accuracy on our 
geological maps, that a glance at one is sufficient to 



v my out tolerably versed in geology where there 
ty probability of obtaining coal, and where there 

But few springs rise from the Has or, indeed, any 
I d( ibe argillaceous strata of the oolites, and these are 
mpregnaled with mineral matter, especially in 
the liM, as at Bath and Cheltenham. Tbe supply of 
Water is chiefly obtained, therefore, from the sandy 
and calcareous beds, or from superficial sandv and 
gravelly deposits reatiug upon the clayey strata. 

New Red Santwtone.— This rock, with its asso- 
eiated red marl, prevails over a Inrge portion of cen- 
tral England, and presents n remarkable ■uniformity 
of character throughout ; the districts formed by it 
rosy easily he known, even to the most unpractised 

■THb meeaaity of combiniBi!; sdentific kaowlecl)^ with 
padlcal, in cuoductiu); mining operations, nimt be aulHcieiitly 
•ppuent lu all vho .ice canputent lu furm an opinion on tbe 
itiJMt. A ruriuux insliuica of thu manner in wliicli mocely 
fndieal m«n may Ije milled by deceptive uppearaneei ac- 
id to the author some yean liucc. He viaa making aa 

Wutcoiltrahire, accompanied by two veiy lulelligeot working 
Staffurdaliire. and bestowrd aomu atteatiua on a 
■III vbcie, many j'Wn before, an unsuccessful and, indewl, 
thNrdtHal, hid been made la a great depth for coaL Tha 
<h lyin^ aliont the pit plainly shavriid that the whole ex- 
on had been carried through Ihe lijs, but, on askiug tha 
n of hii cQinpaoiona, they bath declared the npuC a verjr 
litig DOS for cool, and would not believe but what it 

I had been or might be found there. We may thus perceiTe 
uses which have oc Casio a ird vast gums to be thrown away 
OU9 titnea upon limiiar fruilless undertaking, lome of 
art even now being cairiijij on in spite of fucmer filluies. 



r— 1 
eye, from the redneaa of the soil, and the deep ndl 
tint of the BuhBtrata, whenever esposed to viewhf^ 
any encavation. 1 
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In this fotmatinn four subdivisions may generallj 
be recognised. The upper portion of the mass uanallj 
consists of a reddish clay or marl, below which is a 
soft micnceous Handstone, frequently of a deep red 
colour, but occasionally of a whitish or yellowisli 
tint. The sandstone is underlaid by thin calcareuuB 
beds of a conglomerate nature, the whole generallv 
reposing on a coarse siliceous conglomerate, com- 
posed of the fragments of older rocks. 

This formation constitutes ia England a large and 
important tract of country. It appears in Devonshire 
and Somersetshire, extending over a large portion uf 
the former county in the neighbourhood of Eseter 
and Taunton. Near Gloucester it is again seen 
emerging from below the lias, and it thus follows the 
line of this formation to the northward, as far as 
the mouth of the Tees, It occupies a small portion 
of Gloucestershire, the greater part of Worcestershire, 
and the adjoining counties, Warwickshire, Stafford- 
shire, and Leicestershire. From thence it extends 
northward through Shropshire and Cheshire into 
Lancashire, where fine sections of it are laid open in 
the deep cuttings on the Liverpool and Manchester 
railway. The eastern branch of the new red sand- 
stone forms a large tract in Nottinghamshire and in i 
the East Riding of Yorlcshire, and extends throu| 
Durham to the coast. The new red sandstone, ■« 
its subjacent formations, exists in several parts ( 
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Scotland, chiefly ekirting the eastern coast in the 
vicinity of the Firth of Tay and the Murray Firth, 
and in the county of Caithness. Tliia rock is found 
in almost every country in Europe; it occurs also 
in RuEsiti, and ahundantly in equatorial America. 

RocK-SALT, &c. — The districts formed by this depo- 
sit are usually flat, or only moderately hilly, and in this 
country are distinguished for their richness and fer- 
tility, constituting some of the finest land in Eni;la.nd. 
Its metallic produce is unimportant, but it is remark- 
able for containing, both in this and other countries, 
immense deposits of rock-salt, which forms, therefore, 
its most characteristic feature. Gypsum also occurs 
abundantly in this formation, associated with the roek- 
salt, both these substances being found in the upper 
portion of it or the red marl. The salt deposits of 
this country are situated in Cheshire aiid in Worces- 
tershire. In the former county vast quantities are 
obtained by mining, immense excavations being 
formed iu the beds of rock-salt. In Worcestershire 
the salt is entirely made by evaporating the brine 
resulting from springs of water flowing over the beds 
of salt, and thus becoming strongly impreguated with 
this substance. The same method is also practised in 
Cheshire to a very considerable extent. The quantity 
of salt made in this country is so great, that after 
supplying the demand for home consumption, no less 
than 400,000 tons are exported annually from Liver- 
pool. The rocky strata of this formation are not gene- 
rally compact enough to form a good building-stone. 




L 



158 

Chester cathedral is built of tlus sandstone, and 
affords an esumple of its soft crumbling nature, the 
original sharpness and elegance of the ornRtncntil 
parts having entirely yielded to the lung-continued 
action of the weatlter. 

Local details. — The general iiatore of the new 
red sandalune will be beat understood froin tbe fol- 
lowing notice of its characters, estracted from a de- 
tailed account of the rock-salt district of Worcestei- 
shkc, by the author. 

Throughout a considerable portion of Worcester- 
shire, tbe prevailing stratum is the red marl, which 
forms tbe upper portion of the red sandstone series, 
and is here very e^tteiisively developed, being seveial 
hundred feet in thickness, and furnishing goad sec- 
tions in the neighbourhood of Worcester and many 
other places. The next lower member of ihe eeiiei 
is a pale argillaceous sandstone, of which good sec- 
tions are aifoided about Bromstjrove, and at the 
neighbouring village of Finstal. Below this we find 
a deep red-coloured sandstone, constituting the most 
characteristic part of the formation, and well exhibited 
on the flanks of the Lickey range, and in the weetera 
part of tbe county. Thin irregular calcareous beda 
occur in tbe lower part of this sandstone, which s 
also seen around the Lickey, and the base of tht I 
whole series is formed by conglomerate beds, wbicb' I 
are most distinctly seen in tlie western part of t! 
county, near tbe junction of the red sandstone v 
the older subjacent rocks. Tbe tract thus constitute! 
is gently undulated with hill and dale throiighoot 
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yusenUng generally a rich and fertile district, with 
little exteriiitl indication of containlug mineral wealth 
faelovr. 

Itt the mineral composition or structure of the 

Tocks above noticed as conatituting ia Worcestershire 

tiie nevf red sandstone formation, there is little which 

requires remark — and of organic remain* they are 

almost entirely destitute. The red marl is usually of 

n dull ted colour, and of a hard aud slaty, oi rather, 

^erimps, lumellar texture, when first exposed to the 

»tmoa{)here, although it aftemards disintegrates and 

^Bnmblea avray. It generally contarns sufficient cal- 

^^^Kmn matter to effervesce briskly with acids. 

^^^^bu of hard whitish or greenish marl very gene- 

^^HQ occur in it, and veins of gypsum are abundant 

■ It depth, though I have never seen them lu any 

emvations near the sur&ce. It is in this lower part 

•f the formation exclusively that the beds of rock-salt, 

»WjinE much, however, in purity, are situated ; they 

are Hire in number, bping respectively 6 inches, 10 

fca, e^ feet, 39 feet, and 30 feet iu thickness, besides 

vhidi, 3 large quantity of salt is intermixed with the 

intenncdiate beds of marl*. The pale-coloured ar- 

oUgceous sandstone before noticed as imderlying 

brine obtained at Droitwidi is perfectly clear and 
\alt, lilfH ordinary wbIpt ; nor is there snjr appearance 
which would iadicate to the caaunl obserser its strong 
th mineral >uti5tauce. It uanally containB, 
from twenty-five to twenty-sis per cent, of salt, and, 
eluiiely borders on the point of saturBtiDn, the sped.- 
St gravity heing thus raised ta about 1,200. At Sloke Ptidt 
tt» i l u p re gu atio n with salt is not bo complete, and Ifae brine 
lently lomewbat weaker. The' Targe rupply required 
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tlie red marl is generally soft, micaceous, and -r 
very distinctly stratified ; it is quarried to some ca 
tent for building, making troughs, &c. In some 
of the upper beds I have noticed a few coaly re- 
mains of v^etable substance, but no shells or ma- 
rine exuviie. The deep red sandstone is composed 
of quartzose grains, strongly tinted by the per-oxide 
of iron, and not very firmly cemented together, the 
mass being too incoherent to be applied to any useful 
purpose. The calcareous beds are very impure, and 

for evaporation is at both places pumped up to the surface by 
steam-engines, although, if suffered to rise, it would at Droit- 
wich overflow the surface. 

The processes made use of in obtaining the salt from tbi> 
brine are extremely simple, consisting chiefly of an exteosifB 
system of evaporation, performed in very large but shallotf 
iron pans, under which suitable furnaces are placed. Several 
of these pans are usually arranged under one building, having 
openings in the roof, something like those of a gas retort- 
house, by means of which the steam or vapour escapes into 
the external air, where it is speedily condensed. These ranges 
of buildings, and the white clouds of steam issuing from them, 
give the town of Droitwich a somewhat peculiar appearance 
on approaching it from either of the low ranges of hills bj 
which it is surrounded. 

The salt-pans vary in size, but the most usual dimension! 
are twenty-three feet long, by eighteen feet wide, and one fooi 
in depth ; some few, however, are very much larger, being 12( 
feet long, and eighteen feet wide. Each pan, of the ordinal] 
size, is heated by three fires below it, with flues to conduct th« 
heat; these pans require about two tons of coal per dai 
(twenty-four hours) to maintain the proper temperature, am 
in that period are capable of producing from three and a hal 
to four tons of salt ; the expenditure of coal requisite to pro 
duce a ton of salt being estimated at from ten to twelve cwt. 
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generally coloured by oxide of iron. The conglome- 
rate beds are cuaree, coueisting of rolled fragments of 
the older neighbouring rockB, from which they have 
evidently been derived. 

The general inclination of the new red sandBtone 
is very trifiing, and towards the south or south-east ; 
but in the neighbourhood of the Lickey, and in other 
places, its original position has been much disturbed, 
the dip being considerable, and in very opposite di- 
rections. 

It appears to lue impossible to ascertain the thick- 
ncBs of the various members of the red sandstone 
formation in any other than a very rude and approxi- 
mate toanner. I should, however, be inclined to 
CODsider it nearly as follows ; — 



^ed mul, the upper rof'io" charactetised by the 
oeCUTnnGe of whilish unci gceyish seams, llie 
tower by the presence oF gypsum and roek salt, 
pnbBbly about bOO feet 500 

Soft argillaceous san^Ktoae, light coloured, and 

■DmetimeB micaceous, about 'JOO feet ... 2110 

Soft ferniginuus sandstune, of a bcight red colour, 

and cammonly micaceous— pecliaps 20O to300 leet 250 

Thin aod irregular calcareous beds, very impure, 
and oHen of a reddish colour, appacently iotei- 
BtratiRed with ihe sandstone. Thickness trifling, 
perhaps about iiO feet 50 

IiDwec cooglomL'rale Iwds, thickoesti very unceilain, 
nwy bo about 200 feet 200 

^^^^^ftl 120U 
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The foregoing estimate, it will be seen, gives the 
thickness of the new red sandstone in Worcestershire 
at about twelve hundred feet ; and great as this is, I 
do not consider that it can be stated much below. If 
we compare this immense development with its thin- 
ness in some parts of the adjoining counties of Glou- 
cester and Somerset, where both it and the lias are 
sunk through, in order to reach the coal-measures, 
we are presented with a most remarkable phench 
menon. Was this vast sedimentary deposit produced 
by the elevation of the older and trappean rocks 
which now border upon it to the westward— -Did the 
set of ancient oceanic currents tend to carry the great 
mass of this deposit to the northward, leaving but 
thin traces of it to the south? These interesting 
queries can alone be solved by numerous and accu- 
rate local observations. 

Origin and thickness. — The new red sandstone 
is unquestionably a marine deposit, but is remarkable 
for containing scarcely any trace of organized bodies, 
perhaps owing to the turbulence of the sea in which 
it was deposited. Its general thickness is estimated 
at about eight or nine hundred feet, but in some of 
the southern counties is very inconsiderable. 

Magnesian Limestone. — The distinguishing cha- 
racter of this rock, as its name implies, is derived 
from its containing magnesiay which is generally 
found in it in the proportion of about twenty per cent ; 
in the north of England a deposit called the lower red 
sandstone intervenes between it and the coal. The 
magnesian limestone is of a compact and granular 
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in, BDcl the colour iLsiifilly 'whitish or yellowish ; 
,8 an esceltent building mnterial, and is deaerv- 
e esleneive use for this pnq)ose. This 
k does not nccur very exlensively in EngkuJ. 
I principal mass of it extends ironi the town of 
I to the coast of Durham, skirting and 
pKrtially overlying the coal-fielda of Yorkshire and 
DbHiuii, some of the collieries haying heeii worked 
for a ehort distance under it. On the Coatinent this 
rod: uccura in France, Switzerland, and Germany. 

The organic remains are by no meanB numerous in 
tiua couniry. They consist of corals, shells, singular 
spedes of Jiahea, and in Rome localities the bones of 
tOttriais. The mineral contents are not very im- 
portant, but the ores of lead and zinc have been found 
ia sufficient quantity lo admit of being worked in 
Somersetshire, and eiist mure sparingly in other 
phces. The thickness appears to be generally about 
three hundred feet. 

Coal rouMATiiiN, — In the present outline of geo- 
\agj, the fullest notice possible will be given of this 
Wy important formation, which preaeats so maoy 
interesting features, whether in an economical or 
gedf^ical point of view, that a volume would be re- 
qnired for its complete description. The most gene- 
tl) new which can be taken of it, is as an aesemblage 
of ntunerouB beds of coal, shale, induTated clay and 
laruUtone, (the ehale and clay often containing layers 
nf clay tmnstonc,') irregularly alternating together, 
a thick deposit of aand- 
rtone, termed the " millstone grit." This deposit 
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itself rests on the mountodn or carboniferous lime' 
stone ^ but is generally separated from it by beds of 
shale, called the limestone shale. The mountain 
limestone which thus forms the base of the carboni- 
ferous series, in some situations presents immense 
hollows or depressions in its upper surface, in which 
the rocks constituting the coal formation have been 
deposited, and consequently it often emerges from 
below, all around them. This occurs most remark- 
ably in the coal district of South Wales, and in that 
of the Forest of Dean, in Gloucestershire, as will be 
seen on referring to a geological map of England, 
From being thus encircled by the mountain lime- 
stone, the terms often used of " coal field," and " coal 
basin," are no doubt derived. 

Faults. — Although both the strata of coal, and 
those of rock in which they are enclosed, are thus 
continuous over very large areas, their regularity of 
position is very greatly disturbed by what the coal- 
miner terms ^^ faults ;" these being, in fact, immense 
rents or cracks^ passing through the rocks to an un- 
known depth, and not only breaking them asunder, 
but causing the mass on one side to be greatly elevated, 
or on the other to be greatly depressed ; so that con- 
siderable difference of level often exists between the 
same beds, on one side of it and on the other. These 
faults or disruptions may generally be referred to 
volcanic action, which, as before noticed, prevailed 
to a great extent during the formation of the stratified 
crust of the globe. They occur in many of the se- 
condary strata, and are sometimes noticed even in 
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iary deposits, but are moat remarkable and best 

in the coal-meaEureB, from the great Bubler- 

workH which are carried on there. Both the 

Itive position of the vnriouB rocks of the coal furm- 

I iind the nature of these dislocations, will be 

clearly understood by reference to fig. 2, plate 2, 

which gives BD imafpnary section of & coal-field, the 

m ttasa of coal being indicated by the strong black 

mt 

^^^KUtRTiBS OF coAi,. — Several varieties of coal have 

^^Hl deBCribed by mineralogists, but as regards our 

^^^Went purpose it will be sufBcient to notice two. 

The first consiets chiefly of bitumen and carbon, the 

semncl contains little or no bitumen, but is chiefly 

d of carbonaceous and earthy matter. 

le first class, called " black," or " foliated coal," 

IB kind commonly found in StafFurdshire, Lanca- 

!, and the great coal district of Northumberland 

I Durham, and is universally known from its 

rding almost the only fuel made use of in London 

■tile adjoining counties. Being principally eliip- 

■ from the vicinity of Newcastle, it is often called 

nrcastle coal," Thia species of coal bums with 

erable flame and smoke, and gives out a large 

Btity of gaseous matter, or carhjirelted hydrogen*, 

f impure state. Even in its natural situation 

pe mine, this gas is given out liy bituminous coal, 

g to a natural and spontaneous distillation whicii 

.tnli times going on. It is thus accumulated in 
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the fissures of the rock and excavations of the mine, 
and when mixed in certain proportions with atmo- 
spheric air*, forms the dreadful "^re dampy* so well 
known from its frequent explosions and desolating 
effects. 

The second class of coal is most ahundantly found 
in Wales and Ireland, and is named from its princi- 
pal localities, "Welsh coal," and " Kilkenny coal." 
Varieties of it are also known by the names of glance 
coal J anthracite^ stone coal, and blind coal. This 
species of coal, unlike the former, bums almost with- 
out flame, and with very little smoke ; it also gives 
out a much smaller quantity of gaseous matter -duiing 
combustion. 

These two species of coal may be considered as 
peculiar to the coal formation, and are in this conntry 
the only ones of any great importance in an econo- 
mical point of view, although coal, or substances 
bearing some analogy to it, are, as before noticed, 
found in several other formations. 

Mineral structure of the coal formation.— 
The beds of coal found in particular coal-fields are 
sometimes very numerous, amounting to thirty or 
forty, or even twice that number, but many of them 
are of such inconsiderable thickness as not to be worth 
working. They may be said generally to vary in this 

* The proportions of carburetted hydrogen and atmospheric 
air which form explosive mixtures, vary from one-fourth to 
one-twelfth of the former. The greatest danger exists^ how- 
ever, when the carburetted hydrogen is in the proportion of 
about one-eighth or one-niuth. 
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from a few inches to se/eral feet, not usually, 

Tt exceeding six or eeveu, and from beds of 

er thickness by farthe greatest quantity of coed 

obtained, especially in the great coal (listricte 

of Korthiimberland and Durham. In Staffordshire, 

however, a very fine seam (or rather assemblage of 

■ehmB) of coal occurs, which it not leea than thirty 

feet ID tiiickncEE, and is thence called the " ten yard 

coal." Jt must be observed that the same Geam of 

coal vnries much both in tbictuess and quality, in 

different parts of the area over which it is known 

to extend, and sometimes thins mil, or disappears 

alwgeihcr. 

The beds of shale interstratified witli the coal are 
eqaaliy numerous, but commonly of much greater 
tbidcness. This rock considerably resembles the shale 
of the lias, but is generally more compact. It is an 
ndnrated clay of a slaty testure, and commonly of a 
hhitii or blackish colour ; large licaps of it may 
gtoendly be seen around the mouth of every coal pit, 
TUii substance is important from often containing our 
peat deposits of iron, the ore of this metal being 
fbuul abundantly in shale and clay, both in regular 
hyers and in the form of detached nodules. This ore, 
"cA^ ironstone," as it is culled, is abrownish earthy- 
looking substance, and contains about tliirty per cent. 

twmbtned vrith carbonic acid and much earthy 
lede of indurated clay, often many feet in 
B, which occur in the coal formation, are 
aluable for affording the material called " fire- 
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clay/' which is used for the manufacture of fire-bricks 
for building furnaces, and is, therefore, a very valuable 
material in those districts where iron is made. 

The beds of sandstone interstratified with the coal 
' are very numerous, and generally several yards in 
thickness, being often separated by thin layers of 
shale. These sandstones are generally rather fine 
grained, of a uniform texture, and of a whitish or 
light brown colour. Some of them contain dissemi- 
nated scales of mica, and are of thin slaty texture. 
They are used for building, paving, and various other 
purposes. 

Coal districts are generally rather hilly; that of 
South Wales is very abrupt, and in some parts much 
elevated. The soil is commonly productive though 
not remarkable for fertility. Springs are thrown up 
by the sandstone strata, which are generally full of 
water, and occasion great trouble to the miner in sink- 
ing through them. It frequently happens both in 
this formation and those lying below it, that springs 
burst out to the surface along the line of faults, which 
being filled with clay dam up the water on one side. 
The general thickness of the coal formation may be 
estimated at from two to three thousand feet, but 
varies much in different localities, according as the 
series is more or less perfectly developed. 

Its development in Great Britain. — ^The coal 
formation is very extensively developed in this country, 
and forms one of the most interesting as well as most 
important features in the geology of England, our 
coal mines being the most important and extensive 
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e world. The poEitiou and extent of these im- 

iQt tracts to which England owes so much of 

iTealtli and prosperity, can only be vaguely indi- 

i by deectiption, but will at once he clearly and 

etly recognised by reference to a geological map 

le country. It is difficult to ascertain the unnual 

:t of the various coul districts of Great Britain, 

t ire may probably estimate that at the present 

e it does not fall short of the cnonnoua sum of 

thirty million tons, while our produce of iron, chiefly 

from the same series of rocks, must amount to be- 

town eight and nine hundred thousand tons. The 

! importance of these internal sources of 

scarcely require comment, 

POSEIGN LOCALITIES. — The cobI formation is found 

nany parts of France, Spain, Belgium, Germany, 

f indeed most parts of the continent of Europe; it 

ri aleo in Asia, where it has long been extensively 

ited by the Chinese. It is found in many parts 

IfoTtb and South America, and also in India and 



lOANic RBMAiNs. — The organic remains of the 

I foTmBtion consist of many shells of freshwater 

jccasionally fishes. Land plants occur in 

t abundance and variety, belonging to estinct 

i bearing considerable analogy to those now 

5 only in tropical climates. These plants are 

Wly succnlent and of enormous growth ; they are 

ifly found in the beds of shale, and are remarkable 

fc'the beauty and richness of their cortical mark- 

, u well as the fine state of prcsen'ation in 
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which they are found. They consist of ccdaanvUeSj 
equisetacecp^ sigillarid, lepidodrendra, species of tree 
ferns, &c., and are usually found in the state of casts 
in the shale beds, sometimes, however, compressed 
trunks are discovered, which have been converted 
into sandstone. 

Origin of coal. — It appears well ascertained that 
coal is a vegetable origin, many circumstances leading 
to this conclusion. Among these perhaps the most 
obvious are the gradual transition which may be 
traced between perfect coal and decided vegetable 
matter, the numerous remains of plants found im- 
bedded in the coal strata, and the woodlike and 
fibrous appearance which has recently been found by 
microscopic inspection, to pervade every species of coal. 

Reasoning from the general character of the coal 
formation and the natural operations now in progress, 
we may conceive the luxuriant vegetation of that re- 
mote period which must have surpassed even that of our 
present tropical climates, to have been swept away by 
successive torrents into lakes and aestuaries, and buried 
in succession beneath deposits of mud and sand, now 
consolidated into shale and sandstone, while the ve- 
getable matter has been converted by pressure and 
other circumstances into coal. The enormous quan- 
tity of carbon fixed in a solid state by vegetable 
agency in our coal deposits, (usually 70 to 90 per 
cent, of the entire mass of coal,) has given rise to 
come very remarkable and interesting speculations, 
as to the constitution of the atmosphere at the carbo- 
niferous era, and there can be little doubt that it was 
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then mnch more highly charged with carhonic acid 
gas dian at present, a circmnstajnce which while 
highly fiivourable, if not in fact essential, to the ex- 
traordinary vegetation of that period, muat at th^ same 
time hav« been inconsistent with the existence of the 
higher orders of animal life. This idea is strongly 
conErmed by the iact that the higher forme of animal 
existence, which are totally unknown either in the 
coal strata or in any formation below it, are plentifully 
exhibited in the strata of aubaequeot deposition. The 
agitated sea in which the new red sandstone was de- 
posited, was not of course favourable to organic pre- 
eervation, but in the lias and uolitea, depositions of a 
more tranquil period, it will be recollected that such 
remains are escecdingly abundant. 

Detailed view of the Buitisb coal-fiei.db. — 
After the above general views of the coal formation, 
we may next proceed to consider in detail the various 
impQrtant coal-fields which occur in Great Britain, 
beginiu'iig with the most aoutberly, and describing the 
principal features which characterise each with as 
much detail as our limits will allow. 

Somersetshire coal eieuj.— Tlje coal fiiruiation, 
as before noticed, forma one of the moat interesting 
as well as most important features in the geology of 
this countrj'. Tiie moat southern of our coal-fielda 
arc those of Somersetshire and Bristol,* and are re- 

* ThcBc may more correetly lie lEgarded as forming one 
gnat oHLl-field, but mudi obscured ia Us feUurea bulb fay 
imdulatioua of thu CD«l-sttiita and frum bung overlaid bj 
moie recent depoiits. The above subdiviiig 
most general \-iew. 
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markable from the inclined strata of the coal ■ 
aubjaccnt roclca, being overlaid by horizontal depcui 
belonging to the new red aandatone and oolite form 
tiona, which are here much thinner than in 
em counties, and havebeen fiuccessively sunk thrOii| 
in order to reach the cnal-meaanrea. 

The Soniersetshire coal-field is situated < 
northern flanka of the Meudip hills, upon the c 
boniferoits limestone of which it reals; the Bcialil 
coal-field forms an extensive tract lying to the n 
or rather north-east of that town, and rests upon d 
carboniferous Umcstone which rises to the mrface ^ 
Clifton, and forma the weU-known scenery of 1 
Avon. This limestone crojis out from below i 
coal on the western and northern, and partially k 
on the eastern side. The carhoniferoua series is faen 
very perfectly developed, exhibiting in a i 
series, first the coal measures, then thin traces of ^ 
millstone grit, the great formation of carboni/er 
limestone, and finally (forming the axis of the MendJ 
hills) the old red sandslone. There are many li 
but the dislocations are on a less extensive scale till 
those of the north of England. Both these coal-fiel^ 
are about twelve miles in length, hut less than h 
that distance in breadth; they contain fifty or i 
Beams of coal, most of which, however, are very thi 
those chiefly worked, not exceeding three or four feet" 
in thickness. The district has been extensively 
worked, and is beginning to exhibit symptoms of ex- 
hanstion. The mines are remarkahle for their depth, 
which exceed that of any other collieries in Great 
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in eome cases is more than twelve 



^^^Bred feet. 

^HWoREsT OF Dean Coal-field. — The cual-field of 
'w Hit Forest of Dean oecupies a tract about ten miles 
in length, from north-south, and five or six miles 
in wdtli ; the coal mesBureB rest upon the carhoni- 
ferous limeEtoue, being in fact, deposited iu a. remark- 
able elliptical husin of that rock, which crops out 
nearly all round them. Rich beds and niajses of 
iron ore occur iu this dlatrict, which have giveu rise 
to the manufacture of this metal, which has long been 
ouried on here, but not to any great extent, the 
Bnmlier of furnaces being very small. 

Gbbat South Wales Coal-field. — ^The exten- 
«Tt coal district of South Wales and Monmouthshire 
U (me of immense area, and of great imiiortance, 
bMh Irom its present enormous produce of coal and 
iron, Hwl from the large portion of it which, being 
Jit unwrought, may be considered in the nature of 
»lWerve for future ages. The western termination 
of thi» basin is on the coast of St Bride's Bay, 
Hltich bounds it in that direction, and probably 
•peads over a portion of it; tiie eastern boundary is 
Dour PoTitypool, and the entire length extends tliere- 
Sn about ninety miles along the coast of Giamorgan, 
CMnnarthen and Pembroke, "but deeply indented by 

* Fcmbflrtoa'a coaUpit near Sunileclund, which nill be 
Ottlced in tiealiug; uf the Durhum aud Notthutnljerlaiid coat- 
iiU, turmi, hawvver, an exception, being much deeper Ihan 
I IbfSMiiBHetibiie nines. 

L d 
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Caermartlien Bay. The breadth of the basin varies 
much, heing greatest at the easteni extremity, whew 
it is about tweuty miles, but decreasing iu the weit- 
ran extremity to about five or six. There is also a 
remarkable difference in the quality of the coal in tlK 
eaEtera and western portions of this coal-field ; in the 
ibimer it ia bituminous, in the latter of the bind called 
by miueralogists anthracite, or more commonly knovu 
BB " stone coal " or culm. The eastern part of Has 
coai-field is divided into two distinct basins, by a great 
lineof elevation running through it east and west, Oram 
near Aberafon, to a few miles north of Caerphilly. 

The immense area above described, baa been stated 
to contain no less than twenty-three workable seama 
of coal, varying in thickness from a foot and a half tQ 
nine feet, and forming an aggregate thickness of 
7dnely-_fii:e feet The beds of coal aie interstratifial 
with niuneroufl beds of shale, and a considerable 
mass of gritstone of a schisto^ testure locally called 
" PennartI," intervenes between and separates the 
upper coal beds from the lower ones, the former 
being provincially termed the " rock veins," while the 
latter (perhaps from the regularity with which they 
are seen cropping out Broimd the edges of the basin) 
are called the "line veins." Considerable workinp 
ore carried on both in iJie upper and lower beds, l»t 
most extensively perhaps in the former, the situatioa 
of which, in many locahties, admit of the coal being 
raised at a comparatively Hinall expense, without 
sinking to the deeper beds. 
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In addition to the importance wLich the Sauth. 
Wales ccal-field derives from its great Buperficial 
extent, from its thick and numeroua beds of workable 
coal, and trom the ease of working', owinj; to the 
shallow depth at which they may be wrought, it ia 
no less distinguished as the richest depositary of iron 
ore in this country. As in other coal districts the 
iron is ia the form of clay ironstone, and occurs in 
nodular masses disposed in beds or strata, both in 
the ahale-beds which lie beneath the coal, oad inter- 
stratified with the beds of coal themselves. The 
ironstone is provinciaily termed ''mine," and the 
average quality produces from thirty to thirty-five 
per cent of iron, although the actual produce of dif- 
ferent samples varies from twenty to more than fifty 
per cent. 

The vast mineral resources of the South Wales 
coal-field were, till the present century, very unduly 
appreciated; for some years past, however, great and 
rapid progress has been made in their development, 
and the annual produce of coa! at the present time 
is, in all probability, hut little inferior to that of the 
great coal-field of Northumberland and Durham, the 
most productive in the whole world- The quantity 
of coal produced by this district during the last year, 
(1837,) has been estimated by an intelligent cor- 
respondent of the " Camlman" at little short oifour 
vdllion tons, of which about one half, or two million | 

tons, were consumed in the iron works of Monmouth '! 

»Bd Glamorgan. J 

^Hlie annual produce of iron is stated by the same M 
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authority as Bomewhat under 400,000 tons,* 
the produce, of about 100 blast furnaces, a quantil 
exceeding that produced by any other district ii 
world, although that of Staffordshire comes 



From the mountainous nature of the country, a 
the cropping out of numerous beds of coal and in 
stone in the deep valleys which intersect it, many 4 
the mines are chiefly worked by levela or gall^ 
driven horizontally into the sides of the hills, ai 
but few of the pita exceed forty or fifty fathoms j 
depth, advantagea which enable the minerals to t 
raised at a very cheap rate, and have therefore great 
contributed to the rapid progrcBs made of late yea 
in developing the resources of this important min; 
district. Among its natural advantagea, must a 
be numbered the prosimity of limestone, which i 
largely used as a flux in the iron works, and of 
coBTse sandstone applicable to the construction 
furnaces ; the former is derived from the c 
ferouB or moimtain limeEtone, which crops out frO 
under the coal, all around the edges of the bsai 
and the latter from the beds of sandstone and a 
glomerate, which are inter stratified with the a 
This peculiar association of mineral Bubstancea, 
such a manner that each adds to the value of t 
other, has often been noticed, as affording evideno 
of design in the structure of the globe ; it 
however less deserving of our attention on that accoui 

* This quaotity (greatly es,ceeils &iiy focmec sslimate of < 
make of iron in Sgutli Wales. 
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SoriH Staffordshikb Coal-field. — The coal 
diitricl of Suffordsliirc is one of vaat importance ; 
Uk great thickneBs of one of its seams lias already 
tea noticed, and the manufacture of iron ia here 
Ctrried OH to an immense extent, especially in the 
Bagbbftiuhood of Dudley, Wednesbury, Bilston, and 
Wolverhampton • This coal-field is of an elongated 
elliptical form ; its length from Stourhridge and 
H«lu Owen on the eouth, to Rugely on the north, 
iialiout twenty-fuur miles, but ita greatest breadth 
ixi not exceed five or six iniles. Althougli, ihere- 
fcte, much snraller than some of our other coal-fields, 
'tewint of great superficial extent ia amply made up - 

'Theubove ileactiplion oF the South Staffiirdshire cual-field 
UibieH}' taken frum a dtitsiled accuunt of this disltict. liy the 
■Ulhot oflhis wotk. publiBhed aama lime aiace in the " Miniiig 
Biview." The foUowing notice of the entemal a]>pcdrunc(] of 
'''• coQtiliy, ffom the iiilroUucloiy iiortiuu of the sanie paper, 
^I CDDTey to tho [eailfi aoma itlea of the most striking 
ft«iu»or onr coal and iron diBtrict«;— "To the tourist or 
couillriTellBr, this tract affonls many objects ufgieaiinti;[eBt, 
Ibicfficts of [niaiaKOperatioaB on a gigantic ncale being every- 
lAm paljiubljr [ilaeod before his eyes, by tbe unusual apjiear- 
*iic«of ihe country, thic-kly studiled with steam -engines, vith 
tIait-funiaceB, and laitnays, and presenting CTident matlu of 
tcing camplelely hooey-combed below, intherast unsightly 
mounib of rubbish vhich are scattered in all directians upon 
Ihe Huirice. The effect of this unusual scenery ia not a little 
iaeceaud by the enonnoia volumes of dense smoke which 
bova round in all driections, and obscure the sky. white at 
^gh( the tiew is rendered still more strikiog, the whole 
tnnioa being illumiaated by the light of inaumeratile coke 
and bbul-fuiaacea." 
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by ihe variouB fiivourable ciicumstatieea which dis- 
tinguiflh it, as the occurrence of the " ten-yard coal," 
the great ahundance of clay-ironstotic, Mid the proi- 
imity of escellent limestone and fire-clay. TbeK 
advantages have contributed to render Staffordaliin 
one of the moat active scats of mining and manufiw- 
turing industry in the kingdom, and to raiec the 
towns of Birmingham, Wolverhampton, Dudley, wi 
other neighbouring places to their present wealth and 
importance. 

This coal-field possessea one very striking pecu- 
liarity in a geological point of view, the millatoM 
grit and carboniferous limestone are entirely wantinji 
and the coal in the absence of its usual aubstrata, 
rests upon a more ancient formntioa of limeBtone. 
It differs also from our more northern coal-fields in 
containing comparatively few hcds of sandstone, and 
these generally thin and of hut smalf importance, lie 
great mass of the formation being made up of shdc 
beds, in which many seams of coal and ironsloiie 
occur, several of the former being of great thickness 
and value, while some of the ironstone measures d.K 
equally productive. 

The general dip of this coal-field is towards the 
8011th, or rather the south-east, but it esbibits Bcversl 
remarkable curvatures and fractures of the stratti 
■which are not only of much geological interest, but 
of great local importance, as bringing the beds of 
coal nearer to the Hurface, and allowing the unief- 
lying formation of limestone lo be easily worked, 
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tllbough in its natural position so deeply seated as to 
ttKorcely accessible for those purposes to which it 
fa(o largely applied. The main or ten-yard coal ia 
atiuttd ubuut the middle of the series, which presents 
in tU, eleven seams of coal, five being above, and 
ive beidw the main bed. The northern half of tlie 
eoal-ficld is entirely occupied by the lower seaniH of 
wal, which we chiefly worked to the north of a. line 
drawn from Wolverhampton to Walsall, and there- 
fcre occupying tlie open tract termed Cannock Chase, 
Vii passing under the Marqiiis of Anglesea's Park, 
Bern Desert, their ferthest known extent being near 
Hugely, The ten-yard coal crops ont near BilstoD, 
kA extends from thence entirely over the southern 
half of the coal-field, where it forms the principal 
(bject of mining operation. Its extent is, however, 
much broken by the protruded masses of limestone 
tai basalt, which appear at Dudley, Rowley Hegis, 
tad other places, while the effects of these elevations 
may be traced throughout the coal-field in the nume- 
nma faults a:id dislocations prevailing in almost every 
put of it. 
The general continuity of the coal meaBures to the 
iward, is interrupted by two lines of elevation, 
irring near Walsall, the other near Dudley, 
underlying limestone is in both cases bronght 
t&ce. Two anticlinal axes are thus formed ; 
prominent and decided is, however, that at 
which extends completely across the coal- 
ing it into two great troughs or basins. 
of these lines of elevation is marked by au 



180 

eruption of basalt, but that to the south of Dudl^ 
IB by far the most extensive and important.* 

The most striking feature which this coal-fid 
presents, is the estmordinaiy bed, or rather a 
blage of heda, called the " ten-yard coal," which, I 
before observed, is confined to the Kouthem half i 
the coal-field, and there fomis the principal object 
mining operations. The ten-yard coal is raoat e. 
sively worked in the neighbourhood of Dudley, ■? 
lies nearly in the centre of it, and where it it f 
on both sidei of the anticlinal axis formed by d 
limestone range, the depth from tbe surface b 
generally about 120 yards. 

The depth of this bed of coal vatieB much, 1 
ever, in different situations, feeing influenced both) 
its general dip, and the intervention of faults. ' 
may be stated bh usually occurring at from one to ti 
hundred yards below the surface, which is the g 
limit of the depth of the collieries. In some of ti 
older mines it was found, however, at a much Id 
depth towards its outcrop, but these are now neii 
exhausted. It may he mentioned, as a remul'^ 

* '^ A diluvial depoait spread over tlie coal meosnrel i0 
Oldbuiy, IB of avety reitiBckatilechaiacteT; It coniists of M 
landj soil, coatuning besides tlie jielibk'g usunll; found 
luch aituations, rolled maifi or bovldm of coal. Thii dapR 
is with much jusMce conaidered in the neighbourhood, i«i 
dicating the site of an ancient river. II may probably bef*' 
fened to some aoclont rush ai "ater, occasioned by the alter 
diainago of the ueighbouring countiy, at one of the gil 
prtiods of elevatiDn maiked by the basaltic eniptiont, 
Dudley and WaUall." ^ 



feet, thot coal is stated to have been olitaiiieii near 
Wolverhampton, by open cutting, probably the uniy 
iiulance of l]ie kind which Las ever occurred in the 
kingdom. The ten-yard coal preEcats the very sin- 
^likT phenuraenon of the successive deposition of 
carbonaceous matter, with scarcely a trace of the 
ioterveaiiig earthy deposilB which usually fjrm such 
thick Dioeses between the coal. We have here, there- 
fore, H striking contrast to the usual circumstances 
Utending the deposition of coa], the carbonaceous 
EDatler having beeu (if the expression may be allowed) 
ia eicTss, while the earthy matter usually so abundant 
ippears to have been almost entirely wanting. 

The ten-yard coal is generally made up of twelve 
or thirteen seams, of various qualities, each having its 
dittinct appellation among the miners, and being sepa- 
ntfd from the others by a thin parting of shale. Aa 
regards the quaLiy of the coal, it is deserving of notice, 
that the beat is found occupying the middle of the 
bed, and about half its entire thicVness, while the 
teuns both above and below arc very inferior, 
llthougb extensively used in the neighbouring iron 
fiimaceE. The variety of circumstances under which 
the deposition of coal was carried on even within a 
very limited area, receives an admirable illustration 
bma the singular phenomenon which characterises 
tbe crop of the ten-yard coal towards Bilston, and 
wbich is provincially termed by the miners, the 
"fiyuig reed." The two upper seams of the bed 
become gradually separated both from the lower 
leame, and from each other, by tlie gradual inter- 



position of thin wedge-like masees of rock, wMch 
first form merely narrow partings betweeu them, 
jncreasiDg in size to the northward, nt length pn 
several beds of shale and tandttone, interpolal 
between the three bedK of coal into which the ti 
yard coal ia then divided. The two upper 
termed the " flying reed," rise quickly to the siui«i 
but the principal mass of coal lying beneath the 
crops out still further to the northward, 
portions of this rich bed of coal are now exhausted^ 
and great subaidenceH of the surface have coi 
quently tuken place above the excavatioDB, i 
often ap^iarent irom the cracked and inclined. pM 
tion of the houses and other buildings. 

The beds lying above tlie ten-yard coal are bl 
little worked, both bora being thin, and from the 
prosimity to such a much more abundant deposj 
The beds lying below it are, however, worked vei 
extensively in the northern part of the dietrict, as 
have an average thickoeas equal to that whidi i 
generally observed in the north of England. Ti 
Stafibrdshire coal differs considerably from that I 
Newcastle, being of a lesa bituminous nature; , 
bums very readily, making an excellent fire, an 
leaving a residuum of white ashes. When used 6 
the purpose of making gaa it ie found to afford &a 
thirty to thirty-five per cent, less from a given quat 
tity than the Newcastle coal, and its heating power: 
considered to he inferior in nearly the same propol 
tion. From the peculiar nature of this coal the loi 
of weight sustained in coking ia very great; it i 
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generally, indeed, estimated to amount to full one- 
lulf. 

The e?oliitian of fire-damp from the Staffordshire 
coal is considerable, e«pecialiy from ilie main bed, 
and lormerly occasioned much loss of life, when the 
dangerous mode of exploding it by ihe " firiug-Unc" 
was adopted. At the present time, owing to ail im- 
proved mode of ventilation, and the use of the Davy 
lamp iu silaations where danger is apprehended, ac- 
adenti of this kind are of less frequent occurreace. 
The great size of the excavations upon the thick coal, 
*od ihe peculiar modes of working necessarily adopted 
in the getting of it, are often productive of accidents 
fnim the fulling in of the looeened raassea of coal, or 
of the roof itself. 

The irnnslone, although found in many of the 
Mnta, is chiefly worked in two thick heds lying below 
the main or ten-yard coal, and is the common clay- 
inmstoDe of the coal-measures. It generally occurs 
ia leptaria-like nodules imbedded in soft clay, forming 
sesme from one to four yards or more in thickness. 
Iroa pyrites occurs very abundantly in some of the 
beds of coal, and good specimens of columnar clay- 
e found near Wednesbury, About three 
bcf ironstone nre used on an average iu the fur- 
i, to obtain one ton of pig-iron, 
le shale and argillaceous beds, piovincially termed 
previously observed, constitute the 
s of the Staffordshire coal furmstiou ; 
■X exhibit the usual characters of cual-shale, 
; frequently more compact and indurated, as- 
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sumiug the appearance of some of the older shales — 
a circumstance, no doubt, attributable to the proximity 
of the basaltic mass, which may be presumed to un- 
derlie the greater part of this coal-field, since, in addi- 
tion to the erupted masses already noticed, it is found 
at a great depth in dykes and wedge-form masses in 
many of the coal mines. Some of the argillaceous 
beds of the coal-measures afford excellent fire-clay, 
and are extensively worked for this purpose, but the 
most valuable is that found near Stourbridge, from 
which the celebrated Stourbridge fire>bricks are made. 

The sandstone is usually argillaceous, and is pio- 
vincially termed ** binds," or when much indurated, 
" rock binds." The ismall development of this rock 
appears to indicate a more quiet deposition than that 
which took place in the northern coal-fields, although 
occasional intervals of disturbance, probably contem- 
poraneous with the eruptive movements of the under- 
lying basalt, are clearly indicated by some of the 
sandstone beds, and a coarse conglomerate, expressly 
called by the miners "rough spoil." The sandstone 
beds afford in some situations excellent fire-stone^ as 
at Gornal near Dudley, at Tipton, and other places. 
This material is extensively used in the construction 
of the iron furnaces, the hearths of which are formed 
of it, the upper part being built of fire-bricks. The 
entire thickness of the various beds constituting this 
coal formation is generally considered as somewhat 
exceeding 300 yards. 

The faults which traverse the Staffordshire coal- 
field are, as before noticed, very numerous ; the strata 
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BK, iudeed, so much shaHered and dislocated, that in 
K trial much uncertainty exists as lo the depth 
at which the seams of coal will be found. Many of 
Iht faults occasion a throw of more than fifty yarde, 
le near Bilston amounts to ninety or a hundred, 
i rise ill some places from the coal- 
i, and tiieir situation, I have heen informed, 
DcideB with that of the faults, a circumstaQce cal- 
^ to throw much light on the origin of the rock- 
It ikpoaits of the adjoining county of Worcester. 
BD concluding this notice, some account of the pre- 
itkctiial produce of the district under consideration 
"f nWnially be expected, and although no very 
nte statement of the kind could be made without 
knderabte labour, aided by numerous local sources 
of information, a suflicient approximation may be 
made to accompany the present general sketch. 

The quantity of iron made in Staffbrdshire in the 
year 1827, has been stated from official documents, at 
216,000 tons, the produce of ninety-five blast fur- 
In the following year (1828), the quantity of 
s staled in Maiahall's Statistics, at 219,492 tons, 
I Ibe produce of ninety-five furnaces, twenty-five 
g then out at blast. For the ten years which have 
(B elapsed, I am not aware that any similar state- 
I have been made, and froni the well-known 
(ilUioDS in the iron trade, the quantity must 
I varied much. It is generally considered, how- 
r, &&t about a hundred furnaces are now in blast 
fbrdahire, and if we take the weekly produce of 
la being, on an average, but forty-five tons, which 
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\vill probably be near tbe truth, it will give a total 

yearly produce of 234,000 tona of pig-iro 

the great demand for railway and other iron, which. 

prevailed two or three years ago, it is pn 

the quantity may even have exceeded this amountj; 

while, in the intermediate period of depression, il 

must, doubtless, have fallen much short of it. 

Ak regards the quantity of coal produced in Stab 
foTdshice, OUT means of information are less perfee^ 
no statement of the amount having,.! believe, e 
been published. From the quantity consumed in 
furnaces, it will, however, be possible to form at leM 
an approximate idea of the total aiuoimt. If we i 
sume that, on an average, sis tons of coal axe et 
Bumed in producing one ton of pig-iron, and tl 
certainly does not exceed the fact, we shall bma] 
consumption of 1,404,000 tons of coal annually in ll 
smelting of iron alone. Of the 234,000 tona of pi^iM 
yearly produced, probably about twu-thirda are C 
verted into bax-iron, thus requiring a vast addilionk 
consumption of coal. Every colliery has 
Bteatn -engine 5 for winding the coal ; most of them U 
engine for drawing water also, and in these engui 
the coal is most profusely, or rather, indeed, extmn 
gantly used. When we add to these demands tljl 
consumption of the dense population of the nei] 
bouring district, of the manufactories of Birmioghsl 
and other places in the vicinity, the quantity employflj 
for burning lime and other minor uses, it will i 
perhaps, be an exaggeratioa to double the quantiQ 
used for the iron furnaces alone, and to state th 
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ititf or coal produced by ihe South StaffoTilBhire 

B little sboTt of 3,OUO,000 Ions [ler aonum. 

t would occupy a far greater space than can be 

IBderated, even U glance at the vuried and inge> 

8 of industry by which the vast popular 

■ of the district is supported, all taking their riee 

n tUe subten'aoeaa produce of the coal-field undra 

n. At Dudley, nails and various articles 

J are mauufaciured ; at Wolverhampton, 

a tsd articles of steel ; at Walsall, bits, stirrups, 

!s of hardware ; while at Birmingham, 

kanporium of the neighbourhood, the manufacture 

te, jewellery, fire-armg, and every species of 

pware, whether delicate or magaive, ornaniental or 

m cBjried on to an extent unparalleled in any 

[r part of the world, and justifjing the expreBsive 

t of Burke, who called it the "toy-shop of 

la addition to the characteriatic manufac- 

fcof every town within the district, the universal 

palion of making nails should not be foi^otten. 

lehusineeB of the nailor is almost peculiar to Staf- 

' ftrAhire, and, unlike most other man ufact urea, ia 

Carriul on with patriarchal simplicity in almost every 

cotlBge throughout the southern part of the county. 

The progress of this active scene of universal in- 
ilnstry is greatly facilitated by the numerous canals 
I which traverse the connty in all directions, coaverg- 
Hjjto Birmingham as their common centre, and by 
^Httasof the Grand Junctioa Canal, communicating 
^Bn with the metropolis. The operations of the 
^^^GB and the furnaces are, of course, facilitated by 
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innumenble local tram-vaysy thns redacing, bydlii 
the powers of art, the ooft of transporting the buD^-; 
produce of the eoil to the spou where it is required. 
Staffordshire, howerer, unlike most other minenL 
districts, exports but little of her raw produce, neady 
the whole being finally worked up on the spot, and 
exported in a manufactured state. 

It will be seen that the vast industrial feibric at 
which we have now so briefly glanced, is entirely de- 
pendent for its existence on the enoimoos supply oC^ 
coal produced by the neighbouring district ; and the 
richest deposit of this mineral, the '* ten-yard coal,'^ 
has already been spoken of as partially exhausted. 
The question naturally arises, then, how long will the 
present supply continue, and the district be maintained 
in its present flourishing condition ? To this im- 
portant query a general answer only can be given. It 
is certain that the quantity of coal contained in the 
dJHtrict has been greatly reduced, both by actual con- 
sumption, by unnecessary waste, and by unfortunate 
sublerranean combustion; on the other hand, how- 
ever, it is probable that the beds below the main coal 
may yet contain a large reserve in the northern por- 
tion of the coal-field, and even that they may here- 
hflcr in some cases be worked with advantage in 
jilaccH where the upper coal is now nearly exhausted; 
while; (which is far more important) the peculiar geo- 
logical features of the country indicate the probability 
of II great extension of the coal-measures beyond their 
])r(;Hcnt known limits. It will be seen that this coal- 
field, unlike many others, is not bounded by more 
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^□t rocka which crop out from below and poai- 

nscribe its HmitB. It ia, oil the contrary, 

mded by the new red eandatone, below which 

;e portion of it dips, extending for an unknown 

^nce, and csisting at an uncertain depth, To this 

^^tK eitenaion of the coal-field we may look then for 

» supply for future agea, when the present known 

I beda shall have become esliauated, and the trials 

A have been made within the last few years show 

bve shall not look in vain. It is underatood that 

pintereBling subject has been very ably investigated 

Ht. Marchison, and will be fully treated on in his 

£d (brthcoming work on the " Silurian Region ;" 

f further notice of it here would, therefore, be 

peiflnous." 

* The fulloving Date rarini the caocluaioa of tbe paper ftata 
tiichtlie above account of the StaffordBhirBcoHl-eBldialaltan. 
The aubjVL't ia important, aad deserves far rnoie altentioa tban 
buuolljpaid lo it: Bomefurtheigencte.! cemarks will alaobe 
linmd at the eadof thia account of the coat focmatiun: — 

"Hucb giealei economy in the uorking uf coal hai, (uriu- 

mtely. vt late yean been iatioduced in StuQodlBhire, and even 

the latisfttClirty prospect just noticed dues not diminiah its 

nenuity ; fur, although theia is eveiy probability that the dii- 

^JjA itwlf may continUQ to be productive of mineiaU, long 

^^^bthe present woiking tract ia exhausted, itill the deterioia- 

^^^H^«d«ling propfrty of every kind must be immenie when- 

^^H^BiB population and the stain of mauracturini; induslrj 

^^Bra gtnduully be obliged to &etl1e in oew localities, in coaae- 

^mre ufthe opeuing uF new mines, and the exhaustion of the 

old {mis. It muit also he remembered that the present mineral 

.•'IHaut C«D never letura back to ila primiliTe condition of aa 

niltuiBl district— encumbered vitli muuldeiing piles of 
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Fu»T3BiiL« COAI--FTKLD. — The Flintshire coal-6 
extendE from a little aouth of Oswestry to tlie nor 
weatern extremity of the Kstuary of the Dee, fom 
a long, narrow ehp, haviug a ilirection nearly a 
and Bouth. Its lengtli ii about forty miles 
ascertuined hreadth is inconsiderabk, Beldom excefl 
ing three or four miles. The carbgniferouB limea 
crops out from beneath the coal-meaBurea tt 
ward; beds of shale, gritstone, and chert, juterv 
between the two formations. The coal-measures dq^fl 
to the east or north-east; and are, in this diiectiaoij 
overlaid by the great formation of new red s: 
which prevails bo extensively in the neigl 
counties of Cheshire and Lancashire. It is highijfl 
probable, indeed, that the Flintshire conl-n 
may be continuous beneath the new red sandatone fi 
an immense extent, so as to join the great LancaahinV 
coal-field, and to form merely tlie opposite pcatioa | 
it. This opinion has long been entertained, and hi 
been, in some measure, confirmed by recent diss 
Teriea of coal in the intermediate tract. In ttia c 
the supply of coal in the great manufacturing distii 

miuoutf , with eaocmous massus of slag and cinder, tha pik^'l 
duce of the iioo fucnuces, oud with heaps of lefuie Itobi fl 
ninel, ituoapect, wben abaiidoaoil, will reiemble itiat bIiB 
extinct vulcano, anil its value be Uterolty Feduced tonothi 
Without viEbing to lay an uadue stieBa upon the futiu^i jl 
would, peihaipB, i)e well went considErBtiaas like the G 
tobave some little weight in our coal district!, at least m ttq^ 
lo prevent uDDccessary waste of that valuable substanca, wU ' 
Jiowevei nbiindant iu tbU couatr;, ii >till poulively limiteAil 
"ts quantity, ttod atiolutely incapable of lapioduction." 
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limestone, and is worked to some extent, but is nierely 
of local importance. 

Lancashire coal-field. — ^The Lancashire coal- 
field is one of great size and of vast importance, since 
it gives rise to the extensive manufactures carried on 
in that county, supporting, as they do, the populous 
towns of Manchester, Salford, Stockport, Oldham, 
Bury, Bolton, Blackburn, &c., places which mono- 
polise the cotton trade of the kingdom. The boundary 
of this coal-field is very irregular : it extends from a 
little east of Liverpool, skirting the line of the Liver- 
pool and Manchester railway, to Ashton-under-Line, 
a distance of about thirty-five miles ; and covers an 
immense area to the north as far as Blackburn, in- 
cluding all the manufacturing district of Lancashire. 
From Ashton-under-Line a long, narrow slip appears 
to run southward for more than thirty miles, includ- 
ing Macclesfield in its limits. 

This immense range of coal-measures rises to the 
surface towards the east and north, where the mill- 
stone-grit (here far more extensively developed than in 
the more southern coal districts) crops out from below 
them. The great substratum of the whole series is 
the carboniferous limestone of Derbyshire on the east, 
and of Yorkshire on the north. If we admit the con- 
tinuity of this coal-field with that of Flintshire, before 
described, we may consider the western boundary to 
be formed by the carboniferous limestone of Flint- 
shire and Derbyshire, and it must then be regarded 
as by far the largest coal district in England. The 
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^neral dip of the coal-atrata is to the west or south- 
WG(t; and they are, in this direction, overlaid by the 
uew red tandstone of LBUcashire and Cheshire. The 
dejilh of the mines, in different parts of this great 
coal-field, differs mucli, but may generally be stated 
Mvsryiiig from 120 to ITO fathoms, 

Yorkshire, Derbysbire, ano Nottingham shirk 
coAL-viELD. — The great coal-field of Yorkshire, Der- 
byehiie, and Nottin^Jmmshirc, is not inferior in extent 
to any of thoae [ireviously described, since it covers 
m immense area, extending over the three counties 
xbove named. Commencing near Derby and Not- 
tingham, on the south, it extends to a little beyond 
Ideds, and nearly as far as Bradford, on the north — 
bdng a distance of more thim sixty miles ; ita average 
breadth towards the southern extremity does not 
exceed ten miles, but, proceeding northward, it in- 
creases lo alxive twenty. The manufactures carried 
on in this tract are very considerable; and Chester- 
iield, Sheffield, Rotherham, Bamsley, Wakefield, 
''~ .field, and Halifax, are included within its 

Derby and Nollingham being just without its 
estiemity ; and Leeds and Bradlbrd close 
ig npon ita nortbem limits. 
Ibe westward this coal-field rests upon the mill- 
■t ofDerbyshire and Yorkshire, beneath which 
out the carboniferous limestone forming the fine 
of the former county, and extending from 
the south, to Casileton, on the north. 
general dip of the coal-strata is to the eastward ; 
in this direction, they are lost bcneatli the zaai: 
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of magneBian limEstone whkh extends, with littlei 
lerniption, from Nottingham to Sunderland, 
itaelf uverlaid by the new red sandstone of the ceotl 
counties. The actual liqiita of tlie coal-field to 
eastward cannot, therefore, he considered as i 
ascertained ; and, from its great resemblance to tl 
coal-field of Durham and Northumberland, and i 
exact coincideuce of geological puBitlon, it may alni 
be considered, whether absolutely continuous or n 
BB the southern extremity of that important t 
To explain this view it may be obBecved thai t 
Eubstrata of both coal-fields arc the same : we 
immense formation of millstone grit, which ia B( 
developed in the north of England, dipping below|] 
supporting both, from beneath which t 
same geaeral foundation of carboniferous 1 
forming the well-known mountains and dales of D 
byshire, and similar bold and lofty ti 
Durham, and Northumberland. Both coal-fieldB ai 
also covered to the eastward by the same exteiutv 
zones of magnesiau limestone and new red sandstODK 
thus forming on the great scale a general and perhf^ 
continuous series of carboniferous beds interpolBU 
between the older and newer secondary foriuationa, 
the north of England. 

This coal-fielcl, from its inland position, haa I 
little ex port- trade, but the quantity raised fiw t 
consumption of the great manufacturing towns ut 
ated within its area ia very great. The seams of « 
like those of the Durham and Nurthuraberland fie 
vary from one or two to five or six feet in thickneflB, 
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a Rome places are partially exhnuatetl. The 
y of the coal is bituminous and much like New- 
coal, but rather inferior to it ; the depth of the 
I of course Tatics much according to their situa- 
but is generally very conaiderable. 
Whitehaven coal- pi eld .—The Wlutehaven coal- 
field mends aloDg the coast from near St. Bees head 
to Miryport, a distance of about fifteen miles, and 
itretehes inland to near Penrith, a distance of about 
thirty miles ; the aacertaiued breadth is, however, in- 
(■BiEiderBble, seldom exceeding three or four miles, 
nMjit at Whitehaven, where the beds of coal dip 
leneath the sea, and therefore soon become inacces- 
bMe. The strata of this coal-field incJine to the 
»« or north-west ; they repose upon the zone of car- 
hmiferouB limestone which borders on the lake dis- 
«ctof Cumberland and Westmoreland to the north, 
Bid dip below the tract of new red sandstone which 
tmiBihe valley of the Eden. 

The number of coal-seams is considerable; in some 
pl»ceB as many as twenty-five have been observed, 
101 mure than six or seven, however, being workable. 
Tliey vary from a foot and a half to ten or twelve 
fcet iu tliickness, the aggregate thickness being esti- 
lUM«d at ihirty-five feet. The depth of the mines in 
Hia coal-field varies from 10 to 165 fathoms, and 
those upon the coast in the neighbourhood of While- 
bivcii an 1 Poking on are remarkable for being 
■wkecl f a cons derahle distance under the sea. 
Owing to ncau oua working in this dangerous situ- 
tidtm ■ nos unfo unate accident occurred about a 
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twelvemonth eince at Workington, by which twent 
aeven lives were lost, aud three valuable b 
dated by tke sea, and thus rendered fur ever usele 
and inaccessible. The mines uf this district a: 
in BO flourishing a state as formerly, and the e: 
of coal is on the decline. 

Durham and Northumberland coal-field^ 
This coal-field eitenda along the coast from the ri» 
Coquet on the north, to tbe river Tyne on the sout 
where it proceeds inland, crossing and afterwan 
following the course of the Wear iii a parallel line 
the south for a great distance, embracing Newcasti 
Durham, and Bishop's Auckland within its area, a] 
terminating southward near Staindrop. The leog 
from north to south ie about 55 miles, and the bread 
generally varies from 15 t 

a little more, the weslern boundary being rather ii 
perfectly defined. This coal-field possesses the g 
advantage of being situaled upon the coast, and i 
being intersected hy two navigable rivers, tbeTyn 
and the Wear, thus enabling it to monopolise ti 
supply both of the metropolis and the whole of if 
eastern and part of our southern cuast. 

About thirty seams of coal are known in this di 
trict, many of which, however, are too thin to pay f 
working; the two moat valuable seams are distil 
guished as the " high main" and the "■ ' 
coal, which are iieually from sis to s( 
thickness, and are worked to an immense i 
The coal is very bituminous, and, from forming t 
principal fuel of London and the neighbouring coun- 
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is (oowell known to retiuire further notice. The 
a of coal are inleratratified with numerous beds 
Fwndstone and shale, but the IsyerB uf clay iron- 
90 sbundunt in the more BOUlherii coal-dietricts, 
« eomparutively rare and unimportant. From 
:e before a Committee of the House of Commons 
ars that the aggregate thicknesB of coal in the 
J8 near the Tyne amounts to thirty-two feet, 
n those on the Wear it ia about twenty-five feet. 
le general dip of the Durham and Northumber- 
|i coal-Geld ia from west to east, the strata crop- 
i succeasion lo the west and north-west, 
■eing underlaid by the millstone grit and carbon- 
Li limestone. The central or deepest part of the 
a the vicinity of Jarrow, near South Shields, 
; " high main" coal is found at the depth of 
TOB below the surface. 
le Bouth-eastern part of this coal-field is overlaid 
E magnesian limeatone ; and, as the coal-strata 
below the latter rock, aud are soon buried beneath 
t thickness of it, its limits in thia direction are 
Y unknown, as well as those of that large estent 
L8 before noticed as bordering on the coast, 
h dips under the sea. Although some little 
lings had long been carried on upon the coal, 
immediately below the edge of the magnesian lime- 
Hone, till within the last few years no attempt had 
evia-been made to penetrate this formation at a dis- 
tant point, with a view of reaching the coal-measures 
Kumed everywhere to exist at a great depth below 
ut not experimentally ascertained to do so. The 
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BCilation of this impoittnt problem, interesting equally ' 
in a geological and practical point of view, was un* 
dertaken by an enterprising indiridoal, Mr. Pember- 
ton, in 1826. Relvine confidentlT on the order and 
Eucceseion of the strata, as established by geological 
investigations, he persevered in rniking for e^ht 
years, when, after penetrating the magneaian lime- 
stone and the upper uDprodnctive beds of the coal* 
measures, he at length reached a workaUe aeam of 
coal, at the depth of 263 ^Eithoms. Having thus 
experimentally established the order of the strata, the 
pit is still sinking with a view to reach aoother va- 
luable seam of coal, which it is expected will be cat at 
a greater depth. This remarkable pit, which is much 
deeper than any other coal-mine in Great Britain, has 
now attained, according to a late statement, the depth 
of about 290 fathoms, or 1740 feet. 

The Durham and Northumberland coal-field is 
very much dislocated by faults; there is, indeed, 
scarcely a colliery in which several do not occur, 
always throwing the strata out of their original con- 
tinuous position, and placing them at different levels 
on either side. These faults or dykes have various 
degrees of inclination, but usually approach the per- 
pendicular, and they not unfrequently cross or branch 
off from each other ; they are generally filled either 
with clay or with sandstone, are sometimes many 
yards wide, sometimes much narrower. The most 
important and best-known fault in the district is the 
" main" or '* nirwiy -fathom (iyke,^^ which traverses 
t he Hlruta in a north-easterly direction to the north of 
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ryne, near Newcastle, aud throws dnwii tLe 
ft for » perpendicular distance <if ninety fathoms 
^ its nortlieni side. Other considerable faults branch 
n this dyke to the southward, altogether prCBent- 
nosl CKtraordinary picture of subterruneau dis- 
ice. 

n the above' faults or dykes, which are merely 
a BT fieaurcB flubseciuently filled up with mineral 
IT from the abrasion of the neighbouring rocks, 
y very appropriately turn lo the basaltic dykes 
!i traverae this coal-field — those protrusions of 
I rock which were forced upwards by the^ 
C" seated i a can descent mass, whose eruptive 
lad rent and fractured the strata in the nian- 
\ described. Many of these basaltic dykes 
It in the Newcastle coal-field ; the basalt is gene- 
y black and coarse-grained in its lexlure, and the 
H of eoal in its vicinity are uniformly converted 
e or cinder, locally termed " cinder-coal." 
. remarkable basaltic dyke occurs in the 
n port of the coal-field south of Bishop's Auck- 
IadiI, and running a little south of east, crosses the 
Tee» between Yarm and Stockton, and traverses the 
unlitic strata of Yorkshire to within a few miles south 
i»f Whitby, being thus traced for a distance of nearly 
10 miles. Two other great basaltic dykes cross this 

Iielfl. one a little south of Durham, the other 
of the Tyne, and smaller ones are of frequent 
reiic«. 
sely connected with these faults and basaltic 
is the extensive denudation which this coal- 
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Held has suffered, and which has swept away 1 
masses of the strata tt^ther with considerable [ 
tioQs uf the included beds of coal. It ie evident t) 
eoHtiugent upon the great dialocations of the gl 
before noticed, whether produced by elevation o 
siilence, there must originally have been large e 
vated masses rising like ifilaude above the getu 
level of the country, and often containing valualql 
seaniB of coal. Not only in this coal-field, but in « 
others, these masBes have been entirely swept e 
und have left no marlis whatever uf their existcncc'l 
iu the present configuration of ihe surface. But i 
far greater deatnictioii of the coal-strata than this 
baa been occasioned by the escavation of the valleys 
traversing this district, most of which are actually 
cut or excavated through the coal strata, immense^ J 
tracts of which have been thus completely removed J 
and lost, t(^ether with the included beds of coaL] 
Immense denudations of tliis Itiiid have given rise ft 
thevalleysofthcTyne, the Wear, the Derwent, and tliM 
Teame, the two former of which completely crosa thifl 
coal-field, and, from the length and breadlb of H 
escavatiooB, cutting as they do completely thioui 
the upper seams of coal, the consequent waste of t 
mineral must have been prodigious. The ovenvhellj 
ing rush of waters by which these extensive deniu 
lions were effected may be referred partly to geiw 
niovemenls of the land during its elevation, and p 
to the agitation which must have been occasioned i 
those great subterranean movements wbieh gave li 
to the numerous baealtic dykes, and faults or dist^ 
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I consequent upon them, which, as before 
i, UaveTse this coal-fieU. 
le estensive removiil of the coal-Htrata of which 
Gnd eridence in eyery coal-field, and more espe- 
inguiar feet of the entire disappearance of 
« poidoDs either uplifted hy faults or left stand- 
g id isolated maBses by subsidence, has long been 
edy BBcribed to denudation ; still but little atten- 
upaid lo the precise circumstuncea under which 
this action took place, thus leaving the subject invoked 
in some obscurity. It has, however, latterly attracted 
the attention of Mr. Bakewell, who has considered 
this phenomenon at length, and offered a very satia- 
ftciory esplanalion of it. The causes which he aasigns 
ste, " firet, the soft and yielding condition of the sub- 
merged strata, that had never been indurated by 
drainage; and, secondly, the violent action of water 
upon thetn, wlien they were suddenly broken and 
forced upwards, but were still beneath the surface of 
the ocean." Under these conditions it is easy to 
nnderstand the complete removal of large massea of 
coal, together with the enclosing layers of rock. 

Although the coal-Btrata of this country have gene- 
rally suftered much from denudation, the destruction 
of coal arising from this cause in the Durham and 
Northumberland coal-field has been the most con- 
siderable. The estent of coal swept away as before 
noticed, by the excavation of the great valleys inter- 
secting it, has been prodigious, as will readily be seen 
Q referring to a map of the country, and considering 
B they form deep indentations through some of the 



most productive of the upper coal-strata. We h 
it, indeed, on the high authority of Dr. Bucklanj 
given in evidence before a parliamentary committM 
that, to the westward and southward of Newcasll 
not less than one-half of the uppermost and beat b 
of coal have been destroyed by denudation. 

As the Durham, and Northumberland coal-fieli 
more eslensively worked than any other in the wl 
world, and ite geological structuie has thua b 
very fully explored, and preaenta the charactertBli 
phenomena of our coal-districtB in a clear i 
Btriking point of view, the preceding sketch baa b 
given BB fully as our limits will allow ; and it can 
be more appropriately concluded than by the folio* 
ing parliamentary returns of the quantity of i 
ahipped from the three ports which afford an ou 
for the mineral produce of this important diatrid 
It may be observed that the returns are those of ti 
last year (1837). 




Totui 



4,470,466 



Thua it will be seen that about four millions ai 
a half of tons are annually shipped from this 
coal-field, being more than half the quantity ahippe 
Irom all our eoal-helds together ; the total shipmei 
for the year 1831 amounting to 8,204,301 toi 
The coal shipped from Newcastle is brought doi 
;r Tyne, that from Sunderland down the Went 



Stockton is chiefly supplied by railways which have 
been conBtnicted within the last few years for that 
purpose, and aflbrd an outlet to the sonthern part of 
the coal-field. 

Great Scotch Coax,-fields. — The coal-formation 
of England, as will have been seen from the preceding 
deecription, spreads over a large portion of the country, 
extending almost from ita southern to its northern 
extremity ; in Scotland, on the contrary, this formation 
is entirely concentrated in a broad zone extending 
from the eastern to the western coast, from the Firth 
of Forth to the Frith of Clyde. The tract of country 
thne occupied by the great coal- formation of Scotland 
extends, though not continuously, from east to weit, 
for about a hundred miles in length, and varies from 
thirty to forty miles in breadth, being widest at the 
western extremity, and including witbia its area 
Edinburgh, Stirling, Glasgow, Paisley, Lanark, and 
other considerable towns. Viewed on the great scale, 
this extensive area occupies an immense valley or 
depression, which separates the elevated ranges pre- 
vailing in the north of Scotland from those extending 
southward into the border counties. Its physical geo- 
graphy is also stroi^ly marked by the deep indentation 
of the two great estuaries of the Firth of Forth and 
Frith of Clyde, and by the valley throngh which the 
river Clyde dows into the latter. 

The geological features of this immense coal-field 
are no less remarkable than its physical geography ; 
it is distinguished by the immense development of 
trappean rocks which occurs within its area and 




pretail liCBcadi tiMB. 
InagBicnl point of liew the ilntA of tkkiiB- 

fiddly crop oat to the nortli and Mmdt agirinil the. - 
Modstanei and olatei uliidirae finom bcncMdi than 
inthow diiectioii% and of oomne indine towwdathe 
oppoaite pointy hot it will be leadil^ c oace tw w l Aat 
every poaiiUe iir^olaritj mmt take place over/ao 
extenaiye an area, and one in which igneoua action 
has been so largely experienced. 

The general eecticMi presented by this coal-field 
consists, like that of most others, of altemationa of 
sandstone, shale, fire-clay ironstone, and coal, to 
which, unlike the English coal-measorea, must be 
added several beds of limestone. It appears, accord- 
ing to Mr. Farcy's report, that the coal-meaaorea are 
made up of 337 distinct beds, of which no less than 
eighty-four are seams of coal, while seven are lime- 
stone strata. The total thickness of this immense 
carboniferous system is estimated at about 5000 
feet, or one mile perpendicular. 

The ironstone beds occurring in the Scotoh coal- 
field are extensively worked, especially in the neigh- 
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Imurhood of Glasgow, where there are many inui 
furnaces in activity ; and much attention has latterly 
been drawn to this diBtrict hy the successful intro- 
duction of Mr. Neilaon'a invention, the "hot blast " 
process, which has effected an extraordinary Having 
of fuel. The coal-districts are of course the chief 
Bpjit of the Scotch manufacturcB, and the flourishing 
and populous towns of Glasgow and Paisley owe 
their present wealth and importance to the beds of 
coal in their vicinity. 

Minor coAL-FtELos of England.— The extent, 
geological structure, and other peculiarities of those 
important tracts ia which nature has coDCentrated 
that vast amount of mineral wealth which has con- 
trihuted BO greatly to raise Great Britain to her pre- 
sent high political rank, and has formed the prime 
mover of all her manufacturing industry, have now 
been pointed out at very considerable length ; but 
before disaussing the subject of the coal-formation it 
will be necessary briefly to notice several of our less 
extensive and important coal-fields, wliich, although 
generally ranch worked, are, from their size or situa- 
tion, merely of local value. Although there is scarcely 
one of these which, if minutely described, would not 
present many features of geological interest, or which, 
if situated in any ether country, would not be considered 
of great importance, it may he stated in general terms 
that, with one exception, they all present striking fea- 
tures of resemblance to those great types which have 
already been so fully noticed, and will not, therefore, 
Tequire any lengthened description here. 



206 DESCRIPTIVB GEOLOGY, 

SHRoPaaiBK. — Shropshire presenta several of there I 
minor coBl-fieldB, which are situated iii a north uid 
Boiith line following the courae of the SeTern, and a 
tending from a little suuth of Bewdley almost to New- 
port. To the westward they rest upon transition 
limeetones and other rocks connected with the ol4 
red sandstone and its subjacent slates, and 1 
eastward arc overlaid by the new red sandstone 
the valley of the Severn. The coal -district of Cost 
brookdnlc is the most important of these tracts; fi 
its westerly dip and general geological feature*, i 
may probably form a continuona portion of the Sid 
fordshire coal-field, the interveningpart being covert 
up by new red sandstone. Coalhrookdale and il 
vicinity is well known as a seat of the iron manl 
factiu-e. 

Warwickshire. — The Warwickshire coal-fie} 
occupies a long narrow tract extending from na 
Coventry on the south to Tamworth on the north, 
distance of nearly twenty miles, but the breadth d« 
not exceed three or four miles. The strata of tb 
coal-field are thrown into a high angle of elevationM 
responding to that of the older subjacent li 
which rise from below them to the eastward ; 
general dip is to the westward, and in that directi^ 
they incline beneath the new red sandstone, and n 
probably be continuous with the opposite coal-Geldl 
Staffordshire. The principal bed of coal is fifb 
feet in thickness. 

Leicestershire. — The Aahhy coal-field is of col 
siderable size, since it extends not less than five i 
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px miles in all directions around the town of Asliby- 
^la-Zouch, and considerable workings are carried 
en within its area. The strata crop out Ui the east 
and north, where they rest on the carboniferous lime- 
ttone, finally reposing in dislocated masses upon the 
Klatea of Charnwood Forest. In one part of this coal- 
field a seam of coal occurs whicii is from 18 to 20 
feet in thickness, and the pits have attained the 
depth of nearly 200 fathoms. 

NoRiB Staffukdshibe, &c. — The North Staffbrd- 
■liire coal-district is situated near Newcasile-undei^ 
Line ; it has been considerably worked, and is chiefly 
important as forming the seat of the potteries. The 
beauty and utility of the manufactures carried on so 
estensively in this district must be too well known to 
require comment. 

Several other small coal-fields, chiefly in the north 
of England, might still be enumerated, but to enter 
into any details of them would exceed the limits of the 
present volume, a very considerable and indeed almost 
disproportionate space having already been devoted 
to the description of our coal- districts, forming as they 
do the seats of our manufactures and the grand sauicet 
of our national wealth. 

CuLMiFERous DEPOSITS OF NoRTH Devon. — Beftire 
quitting the coal -formation, there is, however, one 
very remarkable (ract in North Devon, the existence, 
or rather true relatious, of which have lately been made 
known by Mr. Murchison and Professor Sedgwick, 
which will require a brief notice. This remarkable 
tract esbibits a scries of shales and sandstones, with 
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occaBionally vegetable impreasionB and thLa seams 
and traces of" culm" or anthracite, and ia consiiiered 
by tbeae gentlemen as being the bcul representative 
of the coal-formation, or in fact a barren nniuoductite 
coal-field. Although an object of much geological 
interest, further details would here be out nf place, 
other than that this singular carbonaceous (ie]>osil if 
greatly bent and contorted, and when it approaches 
the northern border of Dartmoor the beds ure lilKd 
by the granite of that tract, which ia,therefure,gre»tly 
contrary to former ideas, of more recent dale than ^ 

CoAL-piELDs OF Irblanh. — The great extent M 
which the coal-formation of England, Wales, anfl 
Scotland haa been worked in every locality where il 
occurs, has made ua very accurately acquainted nili 
its extent, tbe number, thickness, and quality of the 
seama of coal, and indeed with almost every other 
nteresting particular respecting it, as will have been 
Been in the foregoing notices of our coal-districts j 
with Ireland, however, the ease ia unfortunately ver^^ 
different ; a few years ago only, little beyond the bare 
fact of the existence of coal in that country was 
known ; and our information, although now much 
more perfect, has been chiefly derived from the la- 
bours of two distinguished geologists, Mr. GrifSths 
and Mr. Weaver, who have made us acquainted witli 
the internal structure of that country with an accu- 
racy and precision deserving of the most unqualified 
approbation. 

Coal is abundantly distributed in Ireland, where 
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'"ere are four priucipal coal-dislricta, the CoDHftught 

^^i Ulster, which produce biturainoue coal, and 
*hoae of LeiDBter and Munster, which produce only 
*^eHwal, or the carbonaceous variety. 

The Connaugbt coal-diBtrict occupies a large ex- 
tent of country Burrouiiding Lough Alien, in the 
^anty of Lcltrim ; it cooCains good bituminoua coal, 
hut has not yet been very estentively wrought. Nii- 
t>oerou» beds of clay -irone tone of excellent quality 
occur in this coal-field, which has occasioned the 
establightnent of iron-works at Arigna, near Lough 
Allen, which have not, however, led to any very suc- 
cessful results. There are also some old abandoned 
iron-works at Drumshambo in the same vicinity. 
The general aubstratum of this coal-field is the car- 
boniferous limestone. 

The Ulster coal-district is of much less importance 
than the Connaugbt j the coal is of the same quality, 
and chiefly worked at Dungannon and Coal Island ; 
perhaps both this and the Connaught coal-field may 
be looked upon as the western prolongation of the 
great Scoteh coal-field, previously described. 

The Leinster coal-field is very estenaive: it oc- 
cupies a large portion of Kilkenny and the adjoining 
counties, and producea the apecics of stone-cool, or 
anthracite, generally known as " Kilkenny coal." The 
general aubstratum of this coal-field is the carboni- 
ferous limestone, the undulating surface of which 
divides the coal-straia into three separate areas. 

The Muuster coal-tield, which aleo produces stone- 
coal, is situated to the westward of the former, ex- 



210 HBSCRimVB oboijogt. 

trading o^er portkmi of IJmfyicIf, Korry, and Cork: 
it is considered to be ^ most extensive ooal-distriot 
in Irelsndy* bit, like the others, has been but littfe 
worked. 

Mining in Iebulnd. — The foregoing notice, brief 
as it is, will be soffident to*sbow the very eztensivie 
deydqpment of the eoal-ibrmation in Irekmd ; sosd^ 
although these coal-fields do not appear to *«n*^ifi* 
such thick and Tslaable beds of that aadaeiat asiiiose 
of En^^and, it cannot be doubted that the working of 
sach large and yirgin coal-districts, witii beds in 
many places cropping out to the surface, will be at- 
tended with immense benefit to the conntiy.. The 
great mineral weakh of Ireland, not only in coal, but 
in lead and copper also, is now beginning to attract 
the attention of English capitalists, and in several in- 
stances very successful results have attended the 
opening of mines in that country. We may thence 
hope that the devebpment of the mineral resources 
of Ireland has now fedrly commenced, nor could any 
measures be taken which would be more efifectual in 
alleviating the distresses of that unfortunate country, 
than by thus affording extensive and permanent em- 
ployment to its population in extracting the valuable, 
but hitherto neglected, produce of the soil, to the 
mutual benefit of themselves and of the English 
capitalists who may be induced to employ them. 

IiirpoaTANCB OF OUR COAL OEPosiTs. — It might 
appear almost superfluous to point out the vast ntiHty 
and importance of the series of rocks described above, 
under the name of the *^ coal-formation," yet there 
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are probably muDy peraonB who are scarcely aware 
of the full esteiit of the advantages which Great 
Britain has derived from her geological structure 
embracing such valuable and extensive deposits of 
this mineral, It has been observed by an able 
writer, Bpeaking of our coal-forniation, " The manu- 
facturing industry of this island, colossal as is the 
fabric which it iias raised, rests principally on do 
other haae than our forlunate position with regard to 
the rocks of this series ; should our coal-mines ever 
be exhausted, it would melt away at once," 

Bold as this assertion may at first appear, it re- 
quires but little reflection to he convinced of its truth 
and justice. The steam-engine, the motive power of 
our mines and manufactories, depends upon the 
abundance and cheapness of coal for its existence ; 
and, deprived of this mighty source of her present 
commercial energy, England could no longer sup- 
ply the wants of her dense and increasing population ; 
foreign produce would cease to flow into this country 
in exchange for our superabundant manufecturee; 
labour would no longer find adequate employment ; 
foreats must overspread the poorer lands to furnish 
fiiel for our diminished population, civilization itself 
might retrograde, and England would stand no higher 
in the scale of nations than what is due to her scanty 
geographical boundaries. Such, however, is the libe- 
rality with which nature has supplied Great Britain 
with this most valuable mineral, that, even at ou* 
present enormous rate of consumption, a vast period 
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may yet roll on before any aerioos diminution in ^ 
supply begins to be felt. 

Probable duration of our reserves of coAt>'' 
On concluding our view of this most important searieB 
of rocks, the extensive development of which within 
the area of the British Islands, as before noticed, bas 
mainly given to this country her present wealth, her 
commercial importance, and her political power, there 
is a question to which allusion has just been made, 
which must have occurred to every reflecting mind, 
and which is not undeserving of an answer — ^When 
will our coal mines be exhausted ? — ^how much longer 
will they be able to supply our present enormous 
consumption of this mineral ? 

It will have been observed, on perusing the fore- 
going pages, that symptoms of exhaustion have been 
noticed in several of our coal-fields, and it is very 
certain that, within their present known limits, another 
century or two, in some cases even less, will make 
fearful havoc in their remaining beds of coal. On 
the other hand, it will have been observed that many 
of our coal-fields, especially in the central counties, 
are overlaid in one or more directions by the new red 
sandstone, and therefore their actual extent is in great 
measure unknown, but may, as was noticed in several 
cases, be much greater than is at present ascertained. 
In attempting, therefore, to form any estimate of the 
duration of our coal-fields, at the present rate of ex- 
haustion, we must keep in view not only their actual 
remaining stores, but their probable future extension ; 
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ihe former being known with tulerable correctness, 
while the latter lias as yet been very imperfectly in- 
veatigateil. It is the opinion of the writer that a vast 
estent of our coal -formation, in many cases, even 
greater than its present known area, still remains to 
be discovered — that our central couiities aje httle 
else than an enormous tract of coul- measures, buried 
for the most part beneath the new red sandstone, and 
other more recent rocka,and only appearing here and 
there in uplifted masaes, where they rest upon pro- 
trusions of the older rocks. Whether, however, the 
quality and abundance of the coal contiuuea without 
deterioration or decrease below these hidden tracts, 
and under what circumstances it might become pro- 
fitable to work them, of course at a much higher rate of 
coat than at present, are questions of great interest, 
but which cannot here be ventured upon. 

The great storehouse for future ages, as has already 
been noticed, is undoubtedly the South Wales coal- 
field, the reserves contained in which have been 
variously estimated, but may probably be considered 
as sufficient to supply the whole consumpliiin of 
England for about 1000 years. The coal remaining 
in the Durham and Northumberland district has been 
estimated as sufBcient to supply our present consump- 
tion for about 400 years, and we may fairly consider 
the reserves of the Yorkshire, Lancashire, Scotch, 
and other remaining coal-fields, as considerably ex- 
ceeding the aggregate of these two. It is pretty cer- 
twn, therefore, that our present rate of consumption 
may be maintained for considerably more than 2000 
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years, independently of the probable discovery of cod 
beyond its present known liniita, before noticed. 

Altliougli there are, undoubtedly, circumstai 
which may tend to vitiate the foregoing e^timatta 
such as all parts of the same coal-field not b«B] 
uniformly productive, the cropping out and final t( 
mination of particular seams far within the f 
area, the waste occasioned by faults, &c., these bai 
been so far allowed for that no very serious error a 
have been made, and we are therefore fiiUy w 
in anticipating the continuance of our present supplj 
for a period of from 2000 to 3000 years ; while, 1 
working inferior seams of coal, and making d 
veries of coal-tracts covered up by more recent a 
and at present unknown, an indefinite eKteniion 
this period may be obtained. 

This view, although very satisfactory, ought n 
bowever, to encourage the enormous waste of ti 
invaluable mineral, which has unfortunately bIwb^ 
prevailed: our climate is fixed and unallerahle, » 
population is denne and increasing ; certainty thd 
waste ought not to be encouraged of that stock, of fii 
which con ofone ameliorate Ike former, and afford e* 
ploytrienl to the loiter. Perhaps the true way to vi' 
the subject is, however, as a local one, for in thatei 
it comes home more nearly to our own interest and « 
own concerns. The duration of the Newcastle cod 
field has been estimated at 400 years (by anoth 
authority at only 360), but it is certain that, hefont 
quarter of that time has elapsed, many parts will b 
exhausted, much property now of great value will b 
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nearly worthless, and the South Wales district will 
then begin to prove & formidable competitor in the 
export coasting-trade, which muat irom that time 
experience a de::line. In the same manner, if we 
look to the Staffordshire coal- district, rich portions of 
which are already exhausted, we shall observe that 
another ccatury wiU lliere produce important changes, 
for, although new tracts of coal may be discovered, the 
price of the fuel will he much enhanced, to the serioaa 
injury of the immense manufacturing population of 
Birmingham and the neighbouring towns, which are 
entirely dependent on the cheapness and abundance 
of coal. However lai^e, therefore, our supplies of 
coal may appear, there can be no justification of the 
enormous waste which unhappily prevails in our 
coal districts, and which must be productive of 
serious eventual injury to those localities. 

It should in fact be remembered that, howevet 
remote thejinai exhaustion of our coal-fields may be, 
that period of eshauetion will be preceded by a long 
progressice decline, from the commencement of 
which, great individual interests will begin to suffer ; 
iior can this evil, although in some measure a partial 
one, be regarded as otherwise than a national calamity, 
since it will deprive a large industrious papulation of 
their hereditary employment, and prove a gradual 
drying up of the sources of national wealth. It has 
been beautifully and espressively said of coming 
events that they " cast their shadows before," and 
we may feel assured that a long and gloomy shadow 

El by that period, remote though it be. 
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which haa now been contemplated. The mind 
resourceB with which Providence has so largely g 
our couutry are vast, indeed, but not infinite, nor a 
any extetiuatioii be offered of the reckleeB waste ^ 
tliat which Nature doubtless intended should be ti 
inheritance of a future and distant generatMI| 
Greater ecouomy, both in the workiug and c 
tion of coal, has been latterly introduced in aomeuB 
our coal-diatricts, and it would be well if the prece 
iiig arguments were to receive that attention which 
every geologist must feel ia due to them. In conclu- 
sion, I would observe, that it is not the mere posEes- 
sion of enormous stores of cual which is of any value 
to uB as a manufacturing nation, but the cheapness 
and abundance with which this fuel can be raised, 
compared with other rounlries ; and the moment thai 
this balance is turned against us by the exhaustion of 
our richest and most accessible deposits, from that_ 
moment our manufactures must permanently decUi 
however large the reserves may be which yet remi 
Millstone Grit. — The upper carboniferous ^i 
tion of the coal- formation, expreaeively termed \ 
" coal-tneamTes^' has been very fully described \ 
the preceding pages ; we now therefore proceed.1 
consider those roclts which form the base of the a 
strata, and which, although seldom containing eoi 
much value, are geologically classed with the fori 
The great sandstone- formation occurring below I 
coal-measures, as before noticed, is called tbe "i 
Btone grit," no doubt from its often aiTording, ei 
cislly in Derbyshire, an excellent material for i 
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tanet. In usual appearaacc ta that of a conglome- 
«tetodt(Boinetimes very coarse), consisting chiefly uf 
[UMte pebbles of different sizes, held together by an 
rgillaeeouB cement : some of the beds are, however, 
{ a much finer texture, considerably reaembbng the 
uditoneB associated with the coal-measures. Beds 
Fshile, eimilar to those before described, often occur 
I ibe millstone grit, and most abundantly in the 
wer bedfl resting on the mountain limestone. In 
it part of the aeries they often become of great 
licknees and importance, and, aa before noticed, 
e tenned the limestone shale. (See Plates 2 

'3!fte' millstone grit and its associated shale occur 
lirfy in the northern counties, where they spread 
6i a very large estent of country: commencing in 
eAyshire, this formation emerges from below the 
tl-ueasureB, and forms a broad zone partially ex~ 
nduig around them, in Lancashire, Yorkshire, 
nhaiu, and KorthumbeTland. 
fSm formation contains but few fossils, chiefly of 
nioe origio. Its mineral contents are of consider- 
lle importance, many of the most productive lead 
nia in this country occurring at or near the June- 
bi of the gritstone and the subjacent mountain 
bntone, which is well illustrated in Plate 3, which 
>n a tection of a lead-mine thus situated. This is 
micularly the case in Flintshire, Derbyshire, York- 
Ue, and the other great lead~mine districts 
"til of England. 
The gritstone forms an excellent material 
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bridges and other erections, where strength and dura-^ 
bility are required. It is extensively quarried in 
Derbyshire, Yorkshire, Durham, &c., and furnishes 
the principal material for the foot pavements of 
London. 

The tracts formed by this rock are generally very 
mountainous and barren, rising to a much greater 
height than any of the formations previously described. 
The range of mountains extending through Derby- 
shire and Yorkshire, into Durham and Northumber- 
land, is chiefly formed by it : many of these summits 
attain an elevation of between two and three thou- 
sand feet, the base of the mountains being generally 
carboniferous limestone, and the summits capped 
with gritstone. The thickness of this formation 
varies considerably in different situations: it has, 
however, been supposed to average about seven or 
eight hundred feet. 

Carboniferous, OR Mountain Limestone. — The 
prevailing feature in this formation is a compact lime- 
stone, consisting principally of carbonate of lime, but 
occasionally combined with accidental ingredients, as 
iron and bituminous matter. Its texture is more 
uniform than that of most of the preceding rocks, 
being generally crystalline, though less perfectly so 
than that of the older primary limestones. The 
colour is usually whitish, grayish, or approaching 
to black. Interstratified with this limestone are thin 
beds of chert, and sometimes inferior seams of coal, 
beds of shale, and sandstone : these associated beds 
occur chiefly in the most northern counties, where 
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the limestone, instead of forming a lliick homo- 
I^DeoiiE mass, is much. interHtrstified with ehale and 
eanilBtone, mnd proportionally reduced in thickness. 

IjOCAU TIES. —This rock occurs in many parts of 
England, occasionally forming, as before noticed, 
vast troughs or basins, enclosing our great dcpositB 
of coal, with the accompanying gritstone and shale. 
It occurs in SomersetBhire, forming ihe Mendip hiUs ; 
it forma the fine scenery of the Avon, near Briatol, 
and skirts the coal-fields of Gloucestershire and South 
Wales. It crops out in a similar manner from below 
the coal-fields of Flintshire and Denhighshire, forms 
the Peak Forest and the mountainous districts of 
Derbyshire, and occupies extensive tracts in Lan- 
cashire, Yorkshire, and all the northern counties, 
especially Northumberland, where it spreads over ati 
immense area. It forms a large tract in the central 
part of Ireland, which is remarkable for its plain 
unvaried surface, contrasting strongly with the bold 
cliaractcr of the mountain limestoQC in England. The 
great limestone-district of Ireland extends cast and 
west quite across the country, from Gulway to Dublin, 
and occupies an equally estenaive area from north to 
south, reaching from Cloomel to Enniskillcn ; thus 
forming the base of the principal Irish coal-fields. 
The upper beds are of a grey colour and crystalline 
lesture; the lower ones black, impure, and inter- 
•tmtified with ahnle. In Galway and Kilkenny this 
limestone affords handsome black marhlcs. This 
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Organic Remains. — ^Tke organic TemaiDa of I 
mauntaJD limestone are of lUBiine origin, 
chiefly of corah, shells, and encriniies ; the latter n 
in Bome places bo abundant as to constitute a. laTg 
proportion of the whole mass of particular strata, i 
to have occasioned the name of " encrinal limestone. 
to be applied to them. The most uumerous b1 
are Terebratula, Producla, and Spvrifer : 
are often very beautiful, and the organic remaina^ 
this rock, being converted into hard limestone, 
very perfectly preserved. 

Mineral produce. — The limeBtonea of this serif 
receive a good poliab, and are therefore much used i 
marbles. The principal quarries are in Derbyali 
and some of the marbles are singularly variegated 
the enclosed en crinites, shells, and other petrifadJaQj 

This formation derives its chief importance, how^ 
ever, from containing our great deposits of lead-orB' 
it fiimiaheB also some other metals, as zinc i 
copper, but in less abundance. Lead-miues are < 
tensively worked in rocks of this series in Flintshii 
and Denbighshire, and also in Derbyshire and Yotil 
shire. The great lead-mine district surrounding ti 
town of Alston in Cumberland is in this formatit 
These great metalliferous deposits, like most a 
in Great Britainiare chiefly found in what are terin 
veins or lodes. They may generally be dracribed 
long, but narrow fiasuresin rocks, going do.i 
perpendicularly or nearly so, to an unknown dej 
and filled with a variety of mineral subetances* i 
([uartz, calcareous spar, fluor spur, &c., but ( 
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ing here and there large quaniitieB of the metallic ores. 
in irregular masses, or, ub they axe termed by the 
miner, " bunchea.'' Their direction in this country 
ia nearly east and west, and they frequently throw 
the strata up or down in the same manner as the 
faults, before noticed. The nature of mineral veins 
will be more clearly understood by reference to fig. 3, 
Piute 2, and also to Plate 5, which repreeents them as 
seen in a section crossing their line of direction. The 
annual produce of the lead-mines of this cou ntry may he 
estimated at the present quantity of about 48,000 tona. 

Rich hBcmatitic iron is obtained from this formation 
near Ulverston in Lancashire, and many of ita coal- 
seams admit of being worked in some parts of North- 
umberland, although much less valuable than those 
beds which occur in the coal-measures. 

ScENKRT. — The districts formed by this rock, as 
ita name implies, are generally mountainous ; and from 
this circumstance, as well as the large proportion of 
calcareous matter which it contains, are often barren, 
producing merely a short herbage. The valleys, 
however, are usually rich, and afford excellent pas- 
turage. This rock deserves particular notice oa ac- 
count of the fine scenery which it affords, as well as 
the remarkable phenomenon it so frequently presents, 
cif caverns, and other aubterraneon passages, which 
often engulf the streams which traverse it, affording 
them an underground channel, sometimes miles in 
length. It may indeed be stated that very nearly 
all the natural cuverna in England occur in the 
mountain limestone ; the most remarkable of them 
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are situated in Derbyshire and Yorkshire. In the 
latter county the phenomenon of streams pursuing * 
subterranean course is of very frequent occurreDC& 
The water is generally received into a large funnel 
shaped cavity, (provincially termed a " swallow,^ 
and, after disappearing, may often be traced agaffi 
issuing at the basset of some inferior stratum, at a 
considerable distance lower down the valley. The 
scenery of these valleys (or " dades**} is often y«ry 
picturesque ; they are narrow and winding, bounded 
on each side by lofty hills, rising abruptly, and broken 
by numerous rocky precipices, or " scars" the wild 
and barren appearance of which forms a fine contrut 
to the verdure and cultivation below. The water 
flowing over the limestone is peculiarly clear and 
transparent, and, as the streams often traverse the 
successive outcrop of the strata, numerous waterfalls 
are thus formed, adding much to the beauty of a 
scenery, in a great measure peculiar to the moimtain 
limestone districts. 

Old red sandstone. — ^This rock is so named in 
order to distinguish it from a sandstone very similar 
in many respects, but belonging to a much more recent 
geological period, and thence termed the " new red 
sandstone,^* It will therefore be convenient to re- 
member that the great coal-formation of this country, 
with its associated millstone grit and carboniferous 
limestone, are usually interposed between these two 
deposits of sandstone, the old red sandstone occurring 
immediately below, and forming the base of the 
series, while the new red sandstone occupies a positiim 
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it may indeed be eaid to vary from a few hundred » 
s«verttl thousand feet. 

SiLUHiAN ROCKS. — The claas of rocks termed 
iurian," from their occurring principally in the bord* 
countiea of England and Wales, anciently inhahiwi 
by the Sihirei, has been very recently instituted 
Mr. MurchiBOn, having been taken by him from th* 
upper portion of the asHetnblagc uf rocks hitbertS 
passing under the vague denominations of greywi 
and iTamilion limeslone — names which, in the 
of a few years, will probably disappear before a ne 
and more precise classification of this hitherto ni 
glectcd portion of uur geological series. It appea) 
that Mr. Murchison's claEBi6.catioQ will embrace thTM 
principal series of rucks, the upper and lower SiluriaH 
and the Cambrian, each having many subdivinionsi 
but the work, which will develop his views on tit 
subject, as well as show the exact boundaries ani 
localities of each, has not yet appeared. The sufc 
divisions of the Silurian rocks are — 

The Lu'llow rocks, consisting of beds of dark na 
caceouB sandstone, beds uf sliale, and a grayish sub 
crystalline limestone. These rocks are chiefly fDuD^ 
in Brecknockshire and other counties of South WalM, 
and in some parts of Worcestershire, Shropshire, snil 
the adjoining counties. The organic remains consist 
of aorals, with orlhocpraiiles teTebratula, and other 
shells. The thickness is considered to be nearly 
2000 feet. 

The Wenlock and Dudley rocks consist of grayish 
limestone and shale, occurring in nearly the same 
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localities as the formpr class, aod recognised nlao in 
Ireland, France, and Germnny. The organic remains 
are numerous and highly interestine, chiefly the co- 
raUiue group termed crinoidea; spirifer and pra- 
dticia are abundant, but the moat remarkable and 
beat known is that singular fossil the Calymene Blu- 
menbaclm, generally called the Dudley Tii/obite, 
from ita being found in the neighbourhood of that 
town, which affords one of the finest examples of the 
clasa of rocks we are considering. The venerable 
niiiiB of Dudley Castle stand upon the limestone rocks 
of this series, which have here been forced up by vol- 
canic agency, in highly -inclined and contorted strata, 
through the superincumbent coal-measures by which 
they are surrounded. The thickness of this group 
is estimated at about 1800 feet. 

HORDERLEY AND MaY HlLI, ROCKS. A series of 

sandstones, sandstone con glume ratcA, and silicions 
limestones, occuning in some of the border counties 
of England and Wales, have received this name. 
Their organic lemaina are chiefly corallines, but m- 
cImAb terebralu la and other shells, and are princi- 
pally found in the limestone- beds. The thickness of 
this formation is estimated at about 2500 feet. 

BuiLTH AND Llandeilo ROCKS. — This group, 
which, like the former, has been named from its most 
remarkable locality, consists chiefly of impure dark- 
coloured limestones, occurring in thin heds, togetjier 
with a few sandstone and alaty strata. The organic 
remains arc chiefly Trtlobiles, of which the sjiecies 
named Asajikus BurJdi is most abundant and cha- 
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recteri^tic This group is eEtiniated at sbout 13 
feet Id thickneae. 

Gketicacke and cretwackk slate. — The ti 
rermeil gre}-wacke are of rather ka indeflDile t 
meter : conaidered aa a gniup, they present i 
of Eandstones, occasinnally conglomerates, Iwl n 
uden tine-graiued and slaty, and of sUly rocks | 
vwioUB kinds (termed greywacke slate), among v 
common roofing-slates are of frequent occum 
Inatratified with this scries is the greijwaeht! I 
slone, ox transition limestone, which t 
gular bends, which are continuous for a greater or 
less exi«nL The series ie still further complicated 
by frequently including beds and masses of ^eeruftnie , 
and other trappean rocks, The sandstone and d 
glomerate beds may perhaps be described aaoccui 
principally in the upper part of the series, (prerioud 
noticed as the Silurian rocks,) while the fint 
slaty and altered racks form the lowest portion of ti 
group, and sometimes pass by insensible gmdatiiHi inta 
mioeralogical clay-slate, which then forms in Ikct a p 
tion of the pretient series. The colour of these rocks J| 
generally a blueish gray, but pomeiiroes brown, and a 
casionally red. They exhibit great regularity of cleav^ 

Fossils. — lu this group of rocks fossils are n 
less abundant titan in must of those which have b 
previously described. They are chiefly species a 
jjfodiic/o, terehratula, jrj«'ri/er, and ortltoceral 
but in descending through the series they beco 
very rare, and in many of the lower slaty beds i 
hm seldom, if ever, fouud. 
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slfcr, nd Jnciaiic* mmmt of Ike copper and lo0ii 
waaem of WcBdnoidaiid mad Canberlmiid. ladkr 
pmdmtly ef mcfaillic pradnee^thneioekBareTaliialiiff 

for loniisliiiig the dates iiied fe raofiDg boaaes, whii^ 
aie Terj eiteiiBifcly qoanied at Tintagd OD the iioKtii 

ooaat of Comwally at Penxhyn and siaiiy other pbetf 
in Wales and the north of Rngiand. llieyalBoliimBk 
many of the lofter hones used in Aa rpening cnlkiy. 
The great mining diatricta of ComwaU are pri»- 
cipallj sitnated in a portion of the grejuaGke aeiitti 
formerly conaideicdaa a primary day Jalf,aiMl|inwinr 
dally termed **lillar:" it there eootaina vdna of Hb 
and copper, of extraordinary lichneaa and prodneer'apd 
which have long ocinstitated the principal wealflk of 
the county. The metdliferoos slate of Gonnnll 
generally rests immediately upon granite^ and it ia 
chiefly at or near the junction of Uie two lodEa ftat 
the prindpd mines are situated. This is the eaae 
with the great Consolidated Mines, the most extensive 
in the world, of which a section is given in Plate 4, 
the rich Tresavean Mine, the productive Cam Brea 
Mines, the well-known Dolcoath Mine, and many 
others. It may he observed that many of theae minea 
are worked to a very great depth ; the Consolidated 
Mines are about 300 fathoms, or 1800 feet, hdow the 
surface, being deeper than any other mine in Great 
Britain. The value of the copper ore raised in Comi' 
wall amounts to nearly a million sterling yearly ; 
and the value of the tin and other metals prohahly 
falls little short of half a million more. 
Origin. — The greywacke series may be considered 
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TlUMSlTION LIMESTONE, OR GBEITWACKB LIMB- 

sToNS. — Thia rock, as before iiociced, forms a portion 
of the greywaeke aeries, in wliich it often occurB in 
the form of Inrge irregular beds. Its texture is com- 
[lact and crystalline ; the colours are extremely vari- 
oiis, OS black, browQ, or reddish, and it is frequentlj 
vemed and variegated with different tints. The or- 
ganic remains are cliiedy corals. This rock occurs 
plentifullj in Devonshire, in the north of England) 
m vanoua parts of the Continent, and in America, 
On account of ita beautiful colours and variegated 
appearance it is much uEcd for ornamental purposesi 
under the name of " marble," a term very generally 
applied to stones which ^vill cut and talce a polish, 
although very indefinite, from classing together sub- 
stances which both geologically and mineralogicallj 
are very dissimilar. The most beautiful marbles of 
thia cla=B are brought from Spain and Italy, but some 
of great beauty are found in our own country, more 
especially at Bnbbicombe, and other places in Devon- 
shire, where extensive quarries are opened. This 
marble is usually of a reddish colour, and is much 
used in the western eountiea for chimney-pieces and 
other ornamental purposes. The stupendous " Break- 
water," at Plymouth, is built of a sirailar rock, 
which forms an immense bed or channel in the 
slate in the vicinity of that town, and is extensively 
quarried for various purposes. No general thicknew 
can of course be assigned to this rock, but the beds 
are often locally several hundred feet thick. 
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PRIMARY ROCKS. 
viENEHAL VIEWS. — We hsvc now arrived, in n 
descending Beries, at that obscure period of the carth'a 
history, where we are guided by little or no nnalogy 
with existing circum stances. The primary rocke, 
which are next to be considered, contain no oi^auic 
remains to point out the aire urn stances of their origin, 
no fragmcDtB of pre-esisting rucks to indicate the 
materiaie from whence they were formed. Like the 
unafrfltified rocka, they consist of a few simple mine- 
rals in a state of crystalline aggregation, while they 
exhibit a mode of mrangement very similar, if not 
identical with, that of the Btratified class, thus giving 
rise to great ambiguity as regards tlie manner in 
which they were formed. It has, however, been con- 
sidered by Mr. Lyell and other geologists that they 
are nothing niore than stratified rocks, altered in 
their texture by proximity to vast supporting masses 
of pyrogenous rocka ; and in support of this opinion 
it may he said that the original elements of both 
classes are nearly the same, and that when trap rocks 
are intruded among the stratified class a similar 
change may be observed on a small scale, la these 
cases a partial fusion takes place, and a crystalline 
arrangement of particles, together with an obliteration 
of organic remains, are the result. Thus chalk and 
loose calcareous rocks become converted into compact 
cryatalliue limestone, and common sandstone is altered 
into a close-grained quartzose rock. In either case 
whatever fossils may have been contained disappear 
in the altered texture of the rock. This at least partial 
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solution of a pTolilem, which a few years since appear* 
to present difficulties at moBt insurmoun table, musCb 
considered as atruugly marking the rapid advance ( 
geological science. 

We may now proceed to consider the individn 
character of this class of rocks, which wiU not, hen 
ever, require any very lengthened notice, Batheyd 
not occupy very exieneive tmcts i 
where they are nol developed on bo extensive ft aci 
as on the Continent, or in America. 

PaiMAKv Sandstone. — This rock is chiefly o 
posed of quartz, having a compact and granuli 
texture, and sometimes containiaga small propoTtil 
of other mineral substances imbedded. It occura 
Scotland, and forms large tracts in the Andes t 
Brazil: it there contains nativegoldin smallpaiticlf 
cinnabar, specular iron, and sulphur. Some of t 
gold-raines of BraKil are situated in loose ferTug;ina 
bedi, which appear to have resulted from the rain 
this sandstone, and sonrie of the beds contain pl&tm 
palladium, and diamonds. 

Primauy limestone. — This rock i 
pare carbonate of lime, but often c 
of accidental ingredients, as quartz, i 
blende, crystallized throughout the n 
ture is compact and crystalline, or finely granulai 
some varieties indeed are called " sacchaTiTie," 
their extreme resemblance to white sugar. Th 
Vock is found in Scotland, the Hebrides, in the Alp 
the PjTcnees, and the moimtains of America. 

Some of the fine white varieties of primary lin 
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Cl&y-elate is metalliferouB in Cornwall, in Irelandt Q 
many parts of the Continent, and in America, ' 
the Valenciana, formerly the richest of the Mexicl 
silver-minefl, is partly Hitualed in this forinatio 

Mica slate. — The teiture of this rock, as iti 
implies, is slaty, and mica in the chamcteristic ingt 
dient, being generally accompanied only by quartivfl 
Garnets occur in this rock very plentifully, 
times eren forming one of its constituents ; 
usual composition, however, is micu, or r 
i]uartz in thin pHrnllel layers. Mica-slaie i 
but sparingly in this country, having been chiefl 
noticed in some of the mountains of Scotland, where 
it occupies rather estensive tracts, and also iu some 
parts of Ireland; it is, however, very abundant in,- 
many parts of Europe, and also in America, 
tains gold, and some of the metallic ores, as silvf 
lead, zinc, and antimony. 

Gneiss. — The composition of gneiss does not i 
eeatially differ Irom that of granite already describe^ 
the principal distinction between them being, that h 
gneiss the mica is generally disposed m paraUl 
planes, so as to give the rock a slaty texture, whiU 
in granite it is equally disseminated throughout t 
mass. Gneiss can scarcely be said to occ 
land, but is abundant in Scotland, and many otU 
parts of the world, and generally forms elevated ti 
on the borders of granite mountains. Some of jj 
mining districts of Germany are situated ia I 
formation, which furnishes silver and most i 
metals in considerable abundance. The observatjfll 
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allowed to cool very rapidly, forms a substance of 
glsasy nature; wben the cooling is very slow, 
stODy and crvstalline arroagement of panicles will 
occa^ned ; vhile intermediate rates produce a 1 
riety of different results, each producing, (rora l 
aame original substance, a product baring a very i 
: texture and appearance. 

If we apply this well-authenticated principle, i 
'esult of actual experiment, to the unstratificd 
ve shell at once perceive how so much variety li 
iriaen from the same elementary substances, produce 
an they have been, under every possible variety 
circiim stances, both during the present state n 
former revolutions of the globe. It will also explfl 
a fact which adds much to the complexity of d 
branch of geological science, or the gradual pasxa 
of one kind of Tock into onolheT, vhich often caua 
a variety of nice mineralogical distinctions, even 
different parta of the same mass. 

If we compare modern volcanic rocka with baat 
and other trappeaii formations, nearlv resemblii 
them in composition, one of the principal diCEerent 
will be in the greater compactness of the lata 
This difference, however, is easily explained, fijr 
is certain that these rocks were moally formed whi 
our continents were yet the bed of the ocean, ai 
they must therefore have cooled under an immet) 
Buperiu Climb eat pressure of water, while ihe inteJ 
of a mass of lava, from a similar cause {or the pressf 
surrounding it), is much more compact than the e 
tern at portion, 
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the sea, and the cavern extends inwards 230 feet 10 
a straight direction, being forty or fifty feet in widcb' 
and about seventy in height, presenting much tbo 
appearance of the aisle of one of our ancient Gothii? 
churches or cathedrals. To this resemblance a beaa* 
tiful allusion has been made by Walter Scott, in the 
* Lord of the Isles,' when describing the scenery of 
Staffa. 

" that wondrous dome, 

Where, as to shame the temples deck'd 
By skill of earthly architect. 
Nature herself, it seem'd would raitte 
A miuKter to her Maker's praise ; 
Not for a meaner use ascend 
Her columns, or her arches bend ; 
Nor of a theme less solemn tells 
That mighty surge that ebbs and swells.^ 

Giant's Causeway. — The Giant's .Causeway is 
probably the most magnificent specimen of nature's 
architecture existing in the world, and is on a far 
more extensive scale than the Isle of Staffa, although 
it wants the beautiful cavern of the latter. It con- 
sists, as the name well exprtisses, of several immense 
terraces, rising from the coast, one above another, 
which are principally composed of vast basaltic 
columns, having altogether some resemblance to those 
stupendous piles of ancient architecture which form 
so striking a feature in Martin's gorgeous pictures. 

Basalt is chiefly found in the coal-districts of this 
country ; its occurrence at Dudley in Staffordshire 
has been already noticed, and in the coal-mines of 
the north of England it is frequently met with, and 
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Bmong primary formationB, eilher in the form, 
dykes, interstratified, or prolruded and overlyil 
maeees, They are abundant among the slales 
Cornwall and Devonshire, among those of Nor 
Walea, the nortli of England, and the large prima 
trueta of Scotland. Their foreign localities are t 
numerouB lo be mentioned, but they occur aeeocial 
with the older elates in moat mountainous countria 

Stekitk. — This rock is generally a cryalalline j 
gregate of felspar and hornblende, the former bei 
the principal ingredient, and of reddish colour. Qua 
and mica sometimes occur in it, and it then clos 
resembles granite, of which it may indeed b^ era 
dered as merely a more modern variety, Syea 
occurs in Charnwood Forest, in Leicestershire, in 1 
Malvern Hills, and other parts of Great Britain. 
is abundant in Hungary, where, with ilB associal 
poiphyritic rocks, it affords gold, silver, and oti 
metals: it occurs also in Upper Egypt, where TtM 
of this claaa were extensively quarried by the snciei 
farming the material of niany of their colossal atatv 
and sarcophagi, as may be seen in the fine speciiui 
preserved in the British Museum. It is foutid 
America and most other parts of the world. 

PoRPHTny. — This denomination must be con 
dered as a generic appellation, including many roc 
differing much in composition, but agreeing in d 
that they consist of a basis, or ■paste, of 
geneoua mineral substance, in which cerlain 
mineral subatancea are imbedded, usually in 
crystals, thus giving the rock a variegated or b| 
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with alumina and oxide of iron. The colour is g^ 
nerally various shades of green or brown, often intef 
mixed with red, and, from its somewhat resembling 
the appearance of a serpent's skin, the name has beet^ 
derived. The texture is compact but not crystalline^ 
and the rock has sometimes a soapy feel, owing to the 
magnesia it contains. It occurs in Cornwall, forming 
the well-known Lizard district, in Scotland on the 
coast of Banffshire, and in many other parts of the 
world. The variety called noble serpentine is mnich 
prized for its beauty and the fine polish it is capable 
of receiving. The rock called " verd antiqued' is 
valued for the same reason ; it is a conglomerate of 
limestone and serpentine, and is found in Italy. 
Serpentine does not appear to furnish any mineral 
contents of importance, and the districts formed by it 
are generally very barren, as is usually the case with 
rocks containing a large proportion of magnesia. 
This rock sometimes contains magnetic iron ore 
in such quantity that the needle is affected in its 
vicinity. The Mod a marble belongs to this class. 

Granite. — This rock, as before noticed, is com- 
posed of felspar, quartz, and mica, the felspar being 
usually most, and the mica least, abundant : these 
minerals are in a crystalline state, and compactly 
aggregated together. Granite was formerly consi- 
dered to be the fundamental rock of the globe, on 
which all others rested ; but, although some granites 
possess a very high degree of antiquity, it is certain 
that others have been formed at a much more recent 
period, in some cases even posterior to the fossilliferous 
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very metailiferoUB, chiefly producing tin and cop] 
It will be Been by Plate 4 that the CoQsolida 
Mines ttre situated at. the junction of iheae roc 
which is ihe case with many of the most product 
miaee in Cornwall. Granite occurs also in the no 
of England, and very abundantly in Scotland » 
Ireland. It fnrma anme of the elevated peak* 
the Alps, of ihe Himalaya mounlaina to the north 
India, and may be said to occur in mountainous 
tuationa in moat parts of the world, although t 
frequently overlaid and partially concealed by oi 
rocks, as gneiaa and mica-alate.'* 

Granite districts are usually wild and barre 

* AUhoug-h granitic rocks do not exist la lilu within a 
conbidxrable distance of London, or larleed Ihe soatli-Mi 
pact of Euglond gcnecally, it is not difficult to obtain aght 
very characteristic s]eciniBus withia the 
jiolis, sad from these the merecumpowition of Ihe rocknuf' 
studied almost as well us by an eiaminatioQ of the 
wheuca the xlonea vera obtained. The common paii: 
used for paving the 
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1, of a grayish lint, oca 



alightly tinged with red or puiple ; good spfcimens of the I 
may be seen whereTOr new pavement is being laiil d 
VVuteiloo Bii^'ge exhibits b..tli tlie Srotch and the W* 
England granite, and well illuitralea the diSvrence of 
texture. The coping-stDnes of the balustradea am com[ 
of the latter, a coarse jellowish grauite, in whicli the 
and mica ate in leiy diatinct crystals, while Ihe baliut 
themselves are formed of ttie former, a compact and t 
grained grunite. A good specimeo of porphyritic granite 
also be teen in the obelisk lately erected at Ihe end of ] 
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owing to the materials of this rock being principally 
silicious and resieting decom posit ion, and nbo Ironi 
the height and bleaknesa of their situfition heing un- 
favourable to cultivation. It is Eometimes, however, 
found in a ?oft decomposed state, owing to the disin- 
tegration of the felspar ; of this there are many ex- 
amples in Cornwall. Granite is called porpbi/ritic 
when the felspar is very predominant and in large 
crystals, as near the Land's End, and in many other 
parts of Cornwall and Devonshire, 

Uses. — The uses of granite as a building-material 
are well known, although it is only of late years that 
it has been applied extensively to that purpose in the 
metropolis. The facing or e.tterior of London Bridge 
and of Waterloo Bridge is granite, partly from Corn- 
wall and partly from Scotland, and many fine varieties 
of this rock may be scan in these magnificent structures. 
The reddish and coarse-grained masses, it may he ob- 
served, are from Cornwall, the darker and fine-grained 
pieces chiefly from Aberdeen. Within the last few years 
most of the principal thoroughfares in London have 
been paved with granite, and its extreme durability 
renders it deserving of adoption in all public works, 
although too costly for common purposes. 

When in a decomposed state, granite forms a 
valuable materia! in the manufacture of porcelain and 
china ware. For this purpose the disintegrated fel- 
spar is carefully separated by washing from the other 
constituents of the rock, and collected in the form of 
an exceedingly fine white powder. Large quantitbs 
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are thus obtained in same parts of Cornwall, eepecial^ I 
near St. Austell, and are shipped from the adjdi 
porta to the districts where the article is mux 
factured. 

MiSPRAX, PRODUCE. — The ores of a grea 
of metals are situated in ^auite, many of the I 
productive tin and topper veins in Cornwall bein^lj 
before noticed, worked in, or immediately adjoioiiif 
this rock. Tin, however, is the metal most abu 
dantly found in it, usually in veins, but often d 
seminated throughout the mass of the rock, which Jl 
the case at the celebrated Carclaze mine. Granites 
also metallifcrouB in many other countries, alth 
perhaps less so than some of the primary roclu p 
viously described, which may be considered as fbrrt 
ing, in all parts of the world, the principal depoBitari 
of the metallic ores. 

In districts formed by the unstrati&ed e 
rocks, thermal and mineral springs, having an obvioua 
connexion with them, arc by no means uncommon 
They have been observed in Germany, in the Alp( 
the Pyrenees, on the borders of the Himalaya n 
tains, and many similar situations. Water for i 
mestic purposes is generally found in the auperfit 
deposits resting upon these rocks, and when it r 
from the rocks themselves it may generally be a 
buled either to the occurrence of faults, i 
decomposing channels which occasionally traven 
them. In sinking deep wells or boring for watt^ 
(although the latter must be considered Tery pr« 
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carious), attention should always, therefore, be paid 
^ tlie above circumstances, as upon them the success 
of tbe operation may in great measure depend. 



The nature and position of the metalliferous depo- 
*it» of this country have been already incidentally 
iJoticed, in describing the various rocks and forma- 
ti<M» in which they are contained. With a desire of 
Htill further illustrating this important subject, the 
tabular statement appended to this work has been 
drawn up, and to this the reader is referred for a 
general view of the geographical distribution, and of 
the present estimated amount and value of our mi- 
neral and metallic produce. 
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APPLICATION TO MINING. 

Geheiial rguarks. — A minute detail of &11 tk 
various useful applications of which the science 
geology is ill its present improved stBte susceptiU 
would of itself occupy a volume, and many of tbtt 
will no doubt have occurred to the reader's mind 
perusing the foregoing pages, their nature varyii 
according to the peculiar jiurauits in which he 
be engaged, or the views with which his attei 
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may have been directed to the study. It unfortu- 
oalely happens, however, that practical men are too 
apt to disregard the advantages of scientific knowledge 
as bearing on their own pursuits, and thug many of 
tlie beoefitB which this study ought to confer are 
ijf\en sacriticcd to absurd and unfounded prejudices. 
There are probably few sciences, the knowledge of 
which, in a limited form, is more widely diffused than 
that of geology ; its local and isolated facts are known 
— often perfectly and accurately known to many, 
more especially the miner and engineer, whose pur- 
suits naturally lead them to an acquaintance with 
thenature and distribution of the great mineral masEes 
constituting the exterior of the globe. Even the raost 
casual observer, aa was shown in the former part of 
this volume, must be well acquainted with many of 
those striking facts on which geology is founded, 
although ignorant of their connexion and import- 
ance. To give consistency to the scattered elements 
of knowledge thus incidentally acquired, to show the 
mode in which they are generalized into an orderly 
and beautiful scientific arrangement, has been the 
prominent object of these pages, and no opportunity 
has been lost of pointing out the readiest modes of 
acquiring further information on these suhjecls. 

Miners neuebsarily qood i-ocai. geologists. — 
The knowledge of the miner as regards the most 
difficult and anxious part of his profession— forming 
a correct judgment on the indications presented by 
nature of the existence of mineral wealth buried 
deep below in the solid strata of the globe, and de- 
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oblflin, it muet not, however, be supposed that t] 
are the only ones which the science 
or that many cases may not happen in pract 
in which the utility of geological knowledge v 
be directly and forcibly experienced. In our oli 
tnining districts, which have been bo compleb 
hofiey-combed by the labours of succeeding gene 
tions, that to the skilful miner the rocks and 
are almost as well known as if they could be mai 
transparent; this will indeed but rarely happen, y 
the expense of mining operations is there so grei 
and the works of such magnitude, that even d 
chance, small as it ia, of immediate and direct a 
sistance from science, ought not by anv means to 1 
disregarded. In mineral districts which are le 
thoroughly explored, the light of science is of ti 
greatest value, since it not only shows the rocks: 
which mineral wealth is most likely to be containe 
but also those particular portions of them where tl 
greatest degree of enrichment may be expected- Tl 
great laws which regulate the distribution of 
veins, and even the general laws which indicate tl 
arrangement of their subterranean treasures, are Da 
clearly and thoroughly established, although tl 
minor ones, which seem capriciously to determine tl 
metallic ores into small and confined localities, a 
still unknown, and patient research can alone dete 
mine the fact. 

Genehal laws wbich geology has discovbke 
relative to the distbibntion of msta1j.i pesct 
MASSES. — These important laws, which are of tl 
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highest value lo the mining engineer, and which will 
in iuture exercise nn impoTtaut influence upon all 
esteneive miniBg operatione, are entirely geological 
generalizations, and the establishment of them may 
be triumphantly appealed to, as among the many 
direct benefits which have arisen from the cultivalion 
of geological science. It ia true that the local and 
isolated facts upon which they are founded h»ye 
long been known to the practical miner, but the gene- 
ralization of these facts into ascertained laws, and the 
CODOesion of them with known natural principles, 
in fact those circumstances from which their chief 
value is derived, has resulted entirely from the labours 
of geologists. 

It bae long been known in Cornwall that the 
metalliferous veins or " lodes" are chiefly productive 
of the metallic ores in those situations where the 
granite and superincumbent slaty rocks are in con- 
tact, of which an excellent example is afforded by the 
Consolidated Mines, as will be seen in the section 
at the end of this volume ; but the geologist has dis- 
covered that is only one case of a very extensive range 
of phenomena, and that the whole are subject to a 
general law, which very ]>robnbly regulates the entire 
enrichment and productiveness of mineral veins — the 
proximity of pyrogenoiis and sedimentary rocks, and 
and the changes thus superinduced upon the latter. 
In this maooer certainty and precision have been 
given to a knowledge which was before only vague 
and partial. 

It has long been known that metalliferous veiiis 
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itre most produ(?tLve where they are intPTsected ^ 
those generally barren dykee gf mineral Bubstance 
which are commonly termed crOHB-veioa or " cro* 
courses," but the geologisthaashown that these dyku 
are themselves produced by, or connected w-ith, sut- 
jacent maasea of pyrogeaous rocks, and, therefor^ 
that the one phenomenon ia included in the oth 
He has also traced with an accuracy which, exception 
for this science, would never have been attained) 
the poeitioa and configuration of tlie pyrogeDoat 
maeees, by which Euch important edects bave beei 
occsBioued ; he has shown the e^tent of the n 
morphic rocka produced by their action, and pointed 
out the geucral range and peculiarities of the faultl 
and dislocations of the sediiDcntary rocks produc 
by them. The application of these facts and prii| 
ciplea, and their great value to mining, when purs' 
on an extensive scale, and more especially in i 
mineral districts, muat be well known to tlie mmili 
engineer, and can hardly require to be pointed o 
at grealer length. 

Application of geology to coal-mining. — ', 
the preceding remarks on the application of gealogj. 
reference has only been made to thai paiticulii 
branch of mining which baa for its object the e; 
traction of minerals found in veins, as tin, copper. 
and lead; if, however, we turn to that importai 
department of the art which is directed to coal ac 
iron — minerals, of which tliis country may be estt? 
mated to produce an annual value of fifteen of 
isixteen miUions sterling, its utility will be still more- 



striking. The reader who has attentively pemseJ 
the fareguisg pages canDot fail to have observed that 
these invaliiahk minerals arc alwnya fouDcl aasuciateii 
together in a particular series of rocks, now clearly 
defined by geologists, and that good workable coal is 
never met with in this country in any other formation. 

AbOKTIVE TSIA1.S FOR COAL IN THl! OOLITES. 

Had it not been for the progress of geological science, 
and the indefatigable zeal, labour, and talents of 
geologists, this most important truth, now so clearly 
eetablished and ao universally acknowledged, would 
merely have existed as a dim perception id the minds 
of some few sagacious individuals, and the actual 
benefits arising from it would never in any sensible 
degree have been experienced. The abortive trials 
for coal in the lias, and the popular errors of sup- 
posing it to esist in rocks situated at a great interval 
above tl\e true coal-measures, have already been 
noticed, and it would be easy to furnish a long list 
of unsuccessful undertakings founded upon such 
erroneous ideas. Upon trials of this kind, hundreds 
of thousands of pounds must have been expended in 
works which geology lias shown to be entirely fruit- 
less, and which it will in future prevent from being 
undertaken. 

Abortive trials fob, coal in Ireland. — The 
fruitless and absurd trials for coal which have been 
made in England appear to have been entirely con- 
fined to formations lying above the coal-measures; 
in Ireland, ou the contrary, a country where coal is 
Brhaps more abundant in proportion to its size than 
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in any other» nrnflax abortive trials haTO been cbief^ 
carried on in rocks below tbe coaL On this subjeel 
the remarks of a deserredly bigh anthority, Mr; 
Griffith, are well deserving of attention. In Ui 
▼alnable survey of the Connanght coal-district, that' 
gentleman observes, *' It may be nsefnl to give a brirf 
sketch of the geological position of that district, wiA 
respect to the neighbouring country, and to suggeat 
to landed proprietors the kind of mines, or other 
valuable mineral substance, which is likely to be 
found in the difierent species of rocks that oec«T in 
the country. It is time that it should be known 
that no coal is likely to be met with in the greywsdke 
or limestone district in the north-west of Ireland, and 
that we should no longer hear of and witness nae- 
less trials for coal being commenced and perseFered 
in, at the instigation of ignorant or designing miners. 
There is no real scarcity of coal in Ireland, but, un- 
fortunately, more money has been fruitlessly expended 
in searching for coal, >vhere none was likely to be 
found, than in those situations where, if sought for 
with judgment, there is little doubt of its being dis- 
covered." The truth and justice of the remarks here 
quoted can require no comment, as they must at onc^ 
carry conviction to the mind. 

A good example has already been given in thes^ 
pages of the little value which can be attached to 
the opinions of merely practical men on the geolo- 
gical indications of coal ; a further illustration may 
here be added from the authority above quoted. 

*' Many fruitless trials have been made in searcH 
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of ooal in different jiarts of the calp • country, by 
ignorant minerH. who mistook the black »late-clay 
with which it is interstratified for the slate-cky 
which forms a principal member in the coal BcrieB," 

The akelches of our different conl-fieldB, which 
have been given in the body of this work, are quite 
sufficient to show the great iidvantage which muBt 
be derived in working coal from the general and 
corrected \iewB which geology has given of the order 
and stratification of the great coal-districta, and the 
range and estent of the beds composing them, as 
well as the faults by which they are dielocated. 

Ascertained extension of our coal-fields, 
OWING TO geologh;al science. — On another im- 
portant circmnstaoce, the [irolongation of our coal- 
fields below the magnesiau limeatone and the new 
red sandstone, geology has thrown a great and valu- 
able light, which could not otherwise have been ob- 
tained. Large districts, exhibiting no exterusl ap- 
pearance of coal, may now be calculated upon fur 
supplying our conBumption when the present mines 
sfaalt begin to fail; and in many cases these may 
almost be looked upon as the gift of geological science. 
It is true that, independently of geology, a dim and 
limited perception of many of these fects would have 
existed in the minds of a few intelligent practical 
individuals, but it would have been, like the pre- 
mature dawning of many great discoveries, of little 
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value to mankind, had it not been stamped with 
the generalization, the certainty, and precision of 
science. Although it would be easy to multiply 
examples, and to extend remarks on the subject 
before us, enough has now been said to prove that 
the applications of geology to mining are both nume- 
rous and important. 

APPLICATION OF GEOLOGY TO ENGINEERING. 

General remarks. — If we now turn to engineer- 
ing, the applications of geology to that profession, as 
will at once be seen, are exceedingly numerous, and. 
of so obvious a nature as scarcely to require com- 
ment. No engineering work of any magnitude can- 
be undertaken in which either excavations or em- 
bankments, or perhaps both, are not necessary, and- 
these operations generally constitute one of the most 
formidable items of expense, and one entirely de- 
pendent on local circumstances, which, without some 
geological knowledge, can never be properly appre- 
ciated or understood. The material to be removed 
may be valuable, or it may be worthless, or it may be 
a compound of both ; it may be worked by simple 
means, and at a small expense, or it may require 
blasting, and present great difficulties in excavation, 
and consequently occasion great expense. It is also 
possible that, by deviating a little from the original 
plan, or by selecting a better locality, the above cir- 
cumstances may be greatly modified, or even entirely 
changed. In tunnelling, deep cutting, making docks » 
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primary and indispensable consideration of the arcbi- 
tect is to obtain a permanently firm and stable 
foundation. 

*' He well knows that, unless tbis be first substan- 
tantially made, no future dependence can be placed 
on the stability of the intended superstructure ; but this 
circumstance, which most requires precaution, has but 
recently been attended to in the formation of roads, 
and only on those roads in Scotland, and between 
London and Holyhead, which have been under the 
direction of Mr. Telford. 

*' If the foundation of a road be not sufficient and 
equal to the pressure it has to sustain, the whole 
fabric, though in other respects ever so well con- 
structed, must fail in permanent stability, and its 
hardness will be imperfect on account of its elasticity." 

Slopes and embankments. — ^The formation of 
slopes and embankments is a subject which requires 
much attention on the part of the engineer, nor can 
any general rules be laid down which do not require 
modification from merely local circumstances. When 
deep cuttings are bounded by slopes of very gradual 
inclination, the waste of land is very great, and the 
injury often done to valuable property is immense^ 
circumstances equally productive of opposition from, 
landowners, of trouble to the engineers, and expense 
to the proprietors of the works. On the other hand, 
slopes which are formed at too high an angle of in- 
clination, and without due attention both to the 
natiure and local circumstances of the stratification, 
are liable to continual slips, and are a source of end- 



"^M Kpense ftiid trouble. Sir Henry Paruell's re- 
"iini on the subject are highly deserving of at- 
leniiiin:— 

GUI REQUIRED IN THEIR FORMATION.— He ob- 

""(«, "Greut cure ia neceBaary in making high 
^Wltmenta ; no persou should be intrusted with 
'^ worka who has not had considerable experience 
■ canal or road maker, for, if the base of an em- 
"•niment is nut fonned at firBt to its full breadth, 
nl if the earth is not laid on in regular layers or 
^Oonea not exceeding four feet in thickness, it ie al- 
kwirt certain to slip." 
Frbqueht failores, — " There have been but few 
nipta to make embankments by turnpike trustees 
ihst do not afford illuatrationa of this defect, and of 
i want of knowledge of t)ie proper rules by which 
heK works should be managed, No doubt a chief 
KMOn for making cuttings and embankments, as is 
ftetpiently the case, with slopes of one lo one, has 
beet) to save expense in the purchase of land and 
(BVliiig earth; but the consequence of making such 
topes is, that the earth is constantly slipping, so that, 
b theend, the expense is always greater in correcting 
ht original error than it would have been had proper 
j^es been made in the first instance.'' 
' SuLBs FOR THEIR FORMATION. — "The slopes at 
Vtteh cuttings and cmbankmenta can be safely made 
lapend entirely upon the nature of the soil. In the 
LmdOD and plastic clay formations it will not be safe 
ke the slopet of embankments or cuttings tbu 
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escced four feet in height with a atecper slope t1 
three feel horizontal for one foot perpendicular. 

" In cuttings in chalk or chalk-marl ihc slopes ' 
stand at one to one. In Bandelone, If itbeeo]iii,Iii 
and uniform, the elopea will stand at a quarter tot 
or nearly perpendicular. 

"If a. aaudstone etratum alternates with one a 
clay or marl, it is difficult to say at what rate 
clination the aiopea will Bland ; this will in fact de 
pend upon the inclination of the strata. If the Vol 
of the road is parallel to the line of the hearing of tU 
strata, in such cases large masses of the stone becotn 
detached, and slip down over the smooth and glftaff 
surface of the subjacent bed. There are many in: 
etanccB of slips in sandstone and marl strata, unde 
such circumstances as those now described, 
the slopes are as much as four to one. If the road i 
across such strata, or at right angles to the line a 
bearine:, then the elopes may be made one imd « Inl 
to one; but if the strata are horizontal, even flhoul 
there be thin layers of marl between the beds of stont 
the slopes will stand at a quarter to one. But it wi 
be necessary, if the beds of marl exceed twel' 
n thickness, to face them with stone, hi the Oxfc 
clay, which covers so great a portion of the midla 
counties of England, the slopes should not be li 

ny instance than two to one, and even in 
parts of this formation they should be made three tj 
one if the cultings are deep. In all such cases, if an] 
beda of gravel or sand are. found inlermised with tU 
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Ey, drainB should be cut along the top mid even iu 
1 sides of the cuttings ; for, if this precaution be 
not taken, the wuter which will find its way into the 
gravel will, by its hydrostatic pressure, force the body 
of clay down before it, and slips will tfike place even 
when the inclinations are as much as four to one; 
and when this occurs it is extremely di£Gcult to re- 
establish them. 

" In limestone strata, if solid, slopes will stand at a 
quarter to one; but in most cases limcstuDC is found 
raised with clay beds, and in such cases the slopes 
should be cue and a half or two to one. Iti the pri- 
mitive strata, such as granite, slate, or gneiss, slopes 
will stand at a quarter to une. Before quitting this 
subject it is proper to remark that in every instance 
of deep cutting tlic greatest pains should be bestowed 
in examining the character of the material to be re- 
moved, as much difficulty will be avoided by proceed- 
ing this way." 

Artesian wells. — The application of geology to 
Artesian wells, and indeed to all extensive trials for 
water, is almost too obvious to require remark. The 
depth and abundance of springs, the quality of the 
water, and its ascending power, depend entirely upon 
geological causes, and can unly be estimBted with any 
coirecInesB by the practical geologist. Some local 
situatioita are liighly favourable to the formation of 
Artesian wells ; in others, on the. contrary, there is 
8carcely a probability of success ] in some places a 
small depth will be sufficient to obtain water, in 
thera the depth must be very considerable ; and these 
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are questions which can be decided by geology alone' 
It would be easy to enumerate many cases of failon 
and great pecuniary loss in works of this kind, mexdf 
from neglecting these obvious precautions, and a doe 
examination of the spot by competent persons, pre- 
vious to their commencement. 

APPLICATION OF GEOLOGY TO ARCHITKCTUI* 

General remarks. — ^The value of a limited »^' 
quaintance both with minerology and geology to tl** 
architect and builder must be readily- apparent, ^ 
without it they may often err both in the choi^^ 
of materials and the laying out of foundations f^ 
buildings — certainly the two most important poin"^ 
which require their consideration. As regards tb-^ 
first of these, the choice of materials, it is laments ^^ 
able to observe the ignorance or inattention whicF^ 
has so often prevailed, and the consequent premature^ 
decay of many of our finest national structures, ancJ^ 
this too in a country which affords an inexhaustibte 
variety of stone of the finest and most durable quality- 
It is hardly going too far to say that, of the architec- 
tural materials afforded by Great Britain, the very 
worst and most perishable have hitherto been chiefly 
made use of. It is much to be hoped that a similar 
misdirected choice may not in future be made, and 
the best security against it will be found in a more 
general acquaintance with the nature and distribu- 
tion of those natural storehouses whence the materials 
of architecture are derived. 
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BcTLDiNG MATERIALS. — Referring to the great 
claeaification of rocks into stratijied and urislToliJied, 
the architectural quality of the stone afforded by each 
is BO strongly marked, that we citnaot do better than 
tu consider them under these heads. 

Stratified rocks — Calcakkocs preestonf.s. — 
The stratified rocks afford a great variety of architec- 
tural materials, all sandHtones, freestones, liroestones, 
and marbles, belonging to this class. The above 
scones are valuable as being soft aod easily worked, 
and the last named, iu consequence of readUy receiv- 
ing a polish, and being admirably adapted for or- 
namental purposes ; some, however, are far more 
durable than others, and much judgment is required 
in their selecdoo. Sandstones, freestones, and some 
kinds of limestone, are chiefly obtained for architec- 
tural puqjoses from rocks of the oolitic series, more 
especially the Bath stone and Portland stone, and, 
where great durability is not required, are undoubtedly 
very excellent building-materials ; but all rocks of 
this class, from their loose earthy nature, soon yield to 
the ravages of time. For bridges, especially, they ought 
uever to be used, and the constant and expensive 
repairs required by Westminster and Blackfriars 
Bridges sufficiently prove the folly of employing them 
in works of this kind. 

MOOE OP nECAY AND PRINCIPLBS OP SELECTION. 

As raiu-water is the first and most active agent in 
desfroying the exterior of buildings, by percolating 
through the pores of the stone, often, perhaps, acting 
chemically upon it, and always, especially during 
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winter -lime, mechanically also, (the expansio 
duced by freezing completely diaintegraliog the a 
face,) the value of building-Etone may in some n 
be estimated by the quantity of water which il 
florba, that which imbibes it very freely being of I] 
least value, and vice versa. As the texture o; 
stoims and freestones varies greatly in different locaHj 
ties, bulh from the nature of the cemeoling princiu] 
and from being more or less earthy or compact, | 
nttention should always be paid to the se1ection.-|l 
those which are both strongest in their nature ■ 
least pervious to water. 

CBOICE of MATKHIALS UNNECBSSAKtLY LIMITED^ 

It is probable that custom has limited the attentiJ 
of the architect too exclusively to the oolitic serieftiil 
rocks, and that in the older secondary straU lyi 
below it, in which a greater decree of induralion T\ 
genernlly prevails, many stunes of a similar c 
but harder and more durable, might on pro 
raination he found. The magnesiau limestone whid 
overlies the coal affords an excellent stone 
tectural purposes, and was a good deal used hy ti 
monks in the construction of some of tlieir spier 
specimens of Glothic architecture. This stone 
tends from Nottingham on the south to Sunderlat 
on the worth, where for several ifiiles it borders i 
the coast; it is, therefore, readily attainable throng 
out a large portion of England J yet, notwichstandinga 
excellent quality, its present use is extremely limitfl 
The coal grits, the gritstones underlying the coal, a 
other beds still lower in the scries, afford excdlij 
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profusion of beautiful marbles with which they ai 
decorated. Were this mode of decoration to be practaed 
in England, the interior of our churchea would be 
greatly relieved of their present monotony, a wider 
scope would be given to architectural taste, aud the ui 
of a beuutiful but neglected spedea of native produce 
would be much encouraged. 

:K8 CONSIUERED AS EtJILDlNB 

-The uHBlratiiied claaa of rocks afford* 
several very valuable materials for architecture, hut 
differing in many respects from those which have just 
beea described, their general characters being a more 
perfectly cryatalhne testure, excessive hardncBs, and 
great durability. Granite (of which there are manj 
different varieties), syenite, porphyry, and BerpCDtie 
nil belong to the class under consideration, 
of this kind (excepting the latter, which is 
ornamental) are peculiarly adapted for public b 
ingB and monuments, for large and massive ei 
and for bridges. Their durability is almost ) 
limited, as may he seen in the perfect stati 
of the ancient Egyptian monuments in tl 
Museum, which, after a lapse of tliree thoua 
years, are still in a state of excellent preservatijt 
the circumstance, however, which limits their a 
cation, is their excessive hardness, and the c 
quent difficulty and expense of working. 

Granite, srENiTE, &c. — Granite, as before Jioti< 
is extremely abundant in Cornwall and Devonsb) 
in the north of England, and in Scotland, v 
lyenile, porphyry, and serpentine are very genera 
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ime localities. Both in quality ami 

1 the Britiiih Islands may compare iritli 

PnyAiilar tract un the globe as regards these fine 

d ibmibJe building-materiiJs ; but till williin the 

(.far years, the use uf them has unfortunately 

mwjy Lmited. The texture of our granitic rocks 

8 much, affording varieties well adapted for 

•twery purpose of architecture or engineering, 

mtte cost is not too great to admit of the use of 

The granites of Devonshire and Cornwall 

I! generally coarse aiid porphyritic, and contain a 

p proportion of felapar; they are well adapted for 

R]iDrpC«es where great finish is not required, but 

k Aould be taken not to employ any of the decom- 

EB, of which the extreme cases are in a 

|6 of complete disint^ation. The Scotch granites 

B geaerally much finer grained and more compact 

n the former ; they are, therefore, well adapted for 

» where finish is required, and are considered 

r tfl the West of England granites in strength 

f durability. The Isle of Jersey also furnishes a 

B Coinpact red granite, which is pretty largely 

Syenite, which is generally classed by 

ects with granite, is also an excellent and 

« (tone; it is chiefly ohtained from quarries at 

mt Sorrell in Leicestershire, and is also ahundant 

^Seotiand. It is deserving of remark, that our most 

idnent masses of granite are generally well situated 

i WMer-carriage, a circumstance of great importance 

(the extended use of this material. Although the 

t cost must always be higher than that of other 



270 

kinds of stone, where the future is at all tsken 
into conBideratioii, its great durability, and the con- 
Mquent eaviiig of eipeQBC in repairs, will go far to 
remove any nhjeclioQ to ita use, on account of 
the first outlay. Thus in all pubbc building, ns 
durability is an essential point, granite may cluiin 
the preference even on the score of economy, while 
in point of appearance and fitness it has a decided 
advantage in all massive Etructures. It appears sin- 
gular, indeed, that its use should not be more gene- 
rally adopted in a country where it abounds so greatly ; 
and, since we can afford to pave our streets with 
^nite, it can hardly be considered too expensive 
I'or our public buildings. 

ForNnATiorJH op bl'Ildings. — The necessity Sm 
some knowledge of the substrata in all situatioM 
where buildings are to be erected, or which molt 
serve as the foundation of bridges and viaducts, 
obvious to require comment; and, although actuil' 
excavation must always be had recourse to, geolc^c^' 
information could harilly fail to be of much sei 
on such occasions. There ate many circumstant 
indeed, calculated to afi'ect the streugth and firmni 
of a foundation, and consequently the durabili^i 
the superstructure, of which no jieraon unacqm 
with geology can form an adequate and correct 
I n cases where the precise locality is a matter of choi 
geological considerations might, indeed, oftm 
ihe beat grounds for selection. 

Concluding observations.— It would be 
extend this portion of the work to a much 
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length, and to point out the value of geological know- 
ledge both to the lauded and mineral proprietor, the 
applicatioiiH which it admits of, and the 



loss and disappointment which have often resulted 
from the want of it. So many instances of the great 
utility of geological Bcience, independent! y of the 
magnitude, the heauty, and the novelty of the views 
which it unfolds to the mind, have, however, been 
adduced in the course of this volume, that further 
observations would be almost superfluous. The reader 
who haa attentively studied the foregoing pages will, 
it ia presumed, have attained a thorough acquaintance 
with the elementary portion of practical geology ; and, 
should he be desirous of still further extending his 
knowledge of the subject, the following observations 
will materially assist him, by pointing out the proper 
path to be pursued. 



K 



r KNOWLBDOE.— The student who is 
desirous of acquiring a practical and thorough know- 
ledge of geology must chiefly prosecute his studies 
by laborious researches in the great field of nature, 
and must there explore for himself the various phe- 
nomena presented to his view. His first step must 
be to understand, by reading, the leading facta and 
principles of the science, as they have been laid down 
in the present volume ; he must learn to recognise at 
<Hice the principal simple minerals entering into the 
^■papositian of rocks, and also the various metallic 



272 PRACTICAL APPLICATIONS OF GEOLOGY. 

ores, and other minerals, which usually occur itr: 
veins. He must likewise he acquainted, and th€ 
more minutely the hetter, with, at least, the more 
common forms of fossil organization, and with th^ 
general mode of their distrihution, in the rocky masses 
constituting the crust of the glohe ; some preliminary^ 
knowledge of chemistry, although not perhaps ahso— 
lutely essential, will form a very desirable addition 
to the quahfications already named. 

Localities REQUIRING examination. — Thus pro- 
vided with the knowledge requisite to decipher the 
instructive pages, on which Nature has recorded in 
her own language the history and revolutions of our 
planet, the student may now commence the most va- 
luable, but by far the most laborious, part of his career. 
He must visit the deep recesses of our mines, which, 
although too much neglected, afford the finest exam- 
ples of many of the most important facts on which 
the science of geology is built. He must observe the 
strata, as laid open in our quarries, and as displayed 
in the deep cuttings of our roads, railways, and canals. 
Every excavation will indeed present something 
worthy of notice to his view ; but, not contented 
with observing merely those spots where the labour 
of man has penetrated into the interior of the earth, 
he must wander around the base of the lofty cliffs 
which overhang the ocean, and observe the grand 
and instructive sections which Nature herself pre- 
sents, and of which our own islands afford such 
numerous and admirable examples. He must pur- 
sue the course of rivers into the interior, and observe 



a laid open by the excavations of tlieir cur- 
Wll; but his most instructive studies will he foimd, 
U he hae arrived far iolaud, nt the mountains, 
•e ihey take their rise : here bt will find that 
re has revealed the structure of the globe on the 
kndest scale ; here the maiks of ancient revolutions 
P be found imprinttid in characterB not to be mia- 
n, and the truth both of facts and theories, before 
n only by description, will at once be impresBed 
uft his mind. By reHeaiches of this kind extended 
ont considerable tracts of country, bo as to embrace 
*S ihe great Berie^ of geological formations, and by 
DWefii! study and comparison of all the phenomena 
pteseated to his view, both as regards the mineral 
Rruuture of the globe, the forms of organised bodiee 
peculiai: to each species of rock, and the physical 
chaoges con- taking place on the earth's surface, the 
itudent will at length become a practical geologist, 
and be enabled by his own observations to improve 
and advance the science he has been studying. 

Most simple moues of AciiuiRiNG knowledge, — 
But the course which has here been pointed out, 
ultbough essential to a practical and thorough know- 
ledge of the subject, can only he pureued by few ; yet 
t general idea of its most important facis, and the 
practical consequences arising from them, is of com- 
|iaiatively easy attainment. The great principles of 
geology have been moat ably brought together in 
iBnuus publications, and, where only a general know- 
ledge is re(|uired, geological maps and sections may 
lit madi: in some measure to supply the place of 
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tr&Tellmg and obecrranoa. A fev wordsy then, fl 
those importaat docoments^ which are the medim 
of expreaftiD^ some of the most nnpoitant practia 
iCiults of the laboun of geolc^ists in the field, mv 
not be misplaced. 

Geological maps. — A seoloiricai map combina 
with the geographical and physical features of a oooa- 
try a view of its internal structare. This peculiu 
feature which, on a geological map, is so distincd^ 
shown, it necrl hardly be observed is in nature com- 
plctelv obscured and difficult to trace, as verdure and 
vegetation, and a covering of loose superficial soils 
111 most completely obliterate, to the unpractised eye^ 
whatever difference of the rocks and strata may exist 
below. In forming a geological map, we proceed, 
therefore, on tlie principle of all wood and vegetation 
b(Mn^ absent, and riiipposc that every species of super- 
liciul Moil and covering is removed, so that the actual 
lockK and Ktrata which compose the solid crust of the 
globe. hoiK^ath shall be perfectly exposed, and lai^ 
open to our view, Tlie space occupied at the surface 
by th(;Hc rocks and stiata is then distinctly shown b} 
dillerent tints of colour, in the same manner as terri- 
toiial divisions are indicated on ordinary geographi 
cul nin|m. 

Hut, although wc thus obtain a perfect view of th( 
jftirfarc distribution of the solid materials of th( 
I'lobe, it is eviiU^ntly no less essential to know in 
^^\u\i numner they are arranged below, and what 
I't'luliouM they bear to each other in the internal 
)»urtM of the earth. This object is accomplished by 
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meani of geological sectiouB, the nature of whicli 
will require but little explanatioQ. 

Geological sections. — A geological Bection sup- 
poses that, on any given line, the internal Etructur«tpf 
the earth be laid open in the direction of a vertical 
plane. It therefore merely repreaenCa, although ge- 
nerally on H much more extended scale, the same 
thing -which wc see in many artificial excavations, 
and which Nature herself exhibits to our view in 
clifis and precipices. Geological sections are indeed 
merely a combination of sections of this kind, to 
which they bear the same relation as the map of a 
large country would do to the smaller plans and 
aketchea from which it was compiled; although, for 
the Stake of diatinctneas, the vertical heights are 
always much exag;;eratcd. 

Conclusion .—From the sources which have now 
been pointed out, when rightly understood, much 
valuable information may be gained, mote especially 
should the study of them be accompanied by the 
occasional inspection of a series of the more import- 
ant rocks and fossils, such as may he seen in many 
collections and museums, both public and private. 
The observation of such geological phenomena as 
may present themselves in the ordinary progress of 
customary journeys or excursions may be made the 
means of adding greatly to the knowledge derived 
from the preceding sources, more especially should 
sketches be mode and specimcna be collected. 

In this manner it ia in the power of almost every 
individual to open for hiraaelf a new and interesting 



276 PRACTICAL APPLICATIONS OF GEOLOOT. 

field of observation and research, to prove, as the 
poet has well expressed it, that — 

** Pzewnted to the cultured eye of iagte, 
# No wild is barren, and no desert waste ;" 

wlt9e in many cases the knowledge thus acqaiied 
will he found capable of application to many very 
important and useful purposes, as must be readlj 
apparent to the reader who has perused with atten- 
tion the foregoing pages. 



APPENDIX. 



ffLANATION OF THE TKKMS MOST FRE- 
QUENTLY USED IN GEOLOGY. 

Jlianina, oade of the mistalloidatummum ; it vxiits lurgely 
in all clays, and, ronibined with sulpburic acid, fonni iiil- 
phate of alumina, ur coiDmon alum, 

Aliwia/ tlepo^ltt or afttmitan; aqueous deposits of Band. 
ahingle, &z., pioduced by causes now in operatiun. 

Ammomie, formerly callrrt the " Csmu Ammanit," from it» 
rasembUnce to the horn with which tha etatue of Jupiter 
Ammon was represented. A Sat, spical, many-chambeied 
■Iwtl, found in gteat abundance throughout (he oolitic strata. 
The shell ia similar in its internal structure to that of Ihe 
Nantilua, The fossil species are very abundant, v»rying in siie 
froro that of a sixpence to three or fuur feet in diameter, but 

AjoBFjihaut, pnenessing no regular or deiinite form. 
jlmipiolkeriiim, an estinct animal not unlike the boar. It 
was diseoveted by Cuuier in the tertiary de|i03its of the Paris 

Aathracile, commonly called '■ stone coal," or "culm ;" a 
speines of coal cooipoacd almost entirely of carbon, and there-^ 
fore burning like coke, without Same or smoke. It is abundaut 
in South Wales, Iteland, and the United Stales of America. 

Aqutaiu dtpmili, rocks or strata formed by the agency of 
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^Cmf> this tennis used in geology to deoota the cmtimlliM 
either of eleratioa or deprenioa of disturbed strata. An mmt^ 
eUnai axis is formed where strata are bent into the form of m 
ridge or saddle, like the letter V inverted, thns, A » ^ tpneimat 
axis, on the contrary, is the line towards which tha strafca dip 
where an elongated depression occurs ; thns, V« 

jfrenacttnu, sandy. 

Afyillaeeous, of a clayey natore. 

Auffite, a black crystalline mineral, abundant in Iscra. and 
▼olcanic rocks. 

BoMoUy a pyrogenous rodL which often occnrs in nnlnral 
columns, the result of a magnificent crystallisation of the 
mass in cooling.^ 

Btttinf geologically* a series of deposits lying in a hoUmr or 
depression of the strata. 

Battet, the rise of a bed to the surface, synonymous with 
outcrop, 

Be/enmite, a fossil abundant in the lias and oolites ; it i^jh 
pears to have been a long cylindrical pointed shelL 

Bed, a layer of rock. 

Bitumen (hence bituminous), a soft inflammable substance^ 
very appropiately termed " mineral pitch," probably resulting 
from the decomposition of coal. 

Blende^ sulphuret of zinc^ a dark brilliant mineral. 

Breccia, a rock made up of angular fragments cemented 
together. 

Caieareous, a term applied to rocks or minerals containing 
lime. 

Carbon, a simple combustible body : it is the basis of every 
variety of coal, of which substance it forms from serenty to 
ninety per cent. 

Carboniferous, that which contains coal. . 

Carbonic acid, an acid best known as a gas, which is formed 
by the combination of carbon with oxygen. In a solid state 
it forms a large proportion of all calcareous rocks and minerals. 

Chert, a hard silicious mineral often found in limestonesand 
other rocks. 
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CUatilc, an&lbsline niiaeciU nCa fteea cdIquf. 

Coitglomtrale, otXsn called " pudding-itoaur ■ fx^ cuni- 
jiuiied of rBUnded fragmenta cemented to)[etlier. 

Orag, a piovincial dbhib for the most mudi'rn uf BiitiEih 
lartialy depgiiilB. 

Cnp, or ouieritp, a t«iin eipresBive of the liBiiiK at a, bed or 
ftratum to ihu turfuce. 

CffiM, aai hence iTryilallint, a DHtural geometucal loUd. 

DtUa. the Bandy accumulations at the months of great 

J>i/ii|iiwin, sand, graiel, and rolled massea of nick, vhicli 
haTB broD brought into tbeir present posiliou by cauias no 
ledger in uctioa. 

Dipt iho ani^te of inclinatian formed b; a ulraluiD, a mineral 
bed otveiii. w^th the horiiou. 

Dylu, a thin tabular mitas of basalt or other trap-rock which 
cub through the atrata, diviilitig Uiem like a wall. 

Eocmr, a tenn applied to thti uldett tertiary strata, ex- 
presiivu otlhe soiaII prupoitiou ai exisliug fuBBil species which 
they eontain. 

etiult, a dislocatiao in the conlinnitjr of the strata— a SBsiin: 
filled with clay or obradeil milter. 

fflipar, a very abundant alkuliou mineral, uoe of the con- 
■tlltwnt^ of granite. 

RrmalioH, a t;roup uf rocks poHsessiiig the ume general 
chuBcters, and a{)paruntly originutiug at the same period, and 
nsdor Ihu same circnmalances. 

Run'/, any organic boJy, whether mincraliged or not, which 
k tuuad buried in the cruat ot the glube. Most foBsila belong 
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of lead, its moat abundant ore 
'1 which lies below the chalk. 
I slratified rock, resembling granite 



Qrtfvacit, an indiscrimiDate term applied tc 
uftticient slaty and altered TockK. 
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GrypkUes a fotnl aiuTalve shelli hATing mnoB ouhrafd !•• 
■emblance to the Nautiluf, and abandant in the ooUtea. 

G^ttmif sulphate of lime. 

Homblauie, a dark green minend abimdaat in igneous lodki. 

IctkyouutruM, a fossil reptile partaking the duucacten off the 
fish and lizard. Its remains are abundant in the lias and 
ooUtes> especially the vertebrte. 

Igneoutf as opposed to aqueoua, rocks produced by BubteEia- 
nean fire. 

Iguanodon, an enormous fossil reptile allied to the modm 
Iguana, and oecurring in the Wealden deposits. 

Lamina^ thin plates; slates are said tobelaminetid^ 

Lmot the most* abundant and best known pvodnet of 
volcanoes. 

Uaif a well-known argillaceous and calcareous deposit, lying 
below the oolites. 

Lignite, fossil wood partially converted into ooaL 

Madrepore, a species of coral^ abundant in the fossil 
state. 

Magnesia, a well-known alkaline earth which forms an in- 
gredient in some limestones and many volcanic rocks. 

Mammoth, the fossil elephant. 

Mastodon, a species of fossil elephant of great size. 

Matrix ; the sparry substance which includes the metallic 
ores ; it is sometimes called the " rider/' or " gangue." 

Megalotaurus, an enormous fossil lizard. 

Megatherium, a fossil animal of immense proportions, allied 
to the recent sloth. 

Miocene, a term applied to tertiary formations, ^termediate 
between the Eocene and Pliocene. 

Mica, an alkaline mineral abundant in granite, also in the 
slate, thence called mica-slate. 

Naphtha, or ^* mineral oil/' a flmd inflammable mineral al- 
lied to bitumen. 

Obsidian, or ** volcanic glass," a greenish or blackish volcanic 
production, somewhat resembling common bottle-glass. 



■i aeeonduy liraoitoiieii, cnmpoied of small splieraidj 
U, somevbal like the roe uf a fish, 
tnltacrralUe, a conical-chambercil ubcll fnuiid in Iransitio 



LD extinct ai 
■eredbyCuv 



imal like the 1 
jrintheieitiai 



, but uf great 

PklK/eum, 01 "reck oil," a substance imetmediate between 
Intnnun and nuplitba. 

Ptemiaurui, an eitinct amphibious animalj allied to the 
liiaid, but of Tec; extraocilmary structure: like (he Icthyo- 
■Bunu, its reroaias are chieily found in the lias and oolites, the 
period when these rocks were deposited haviug been chatac- 
teiiud by the piiateuce of numerous and extcaordinaiy reptiles 
jfitlMUxanilribe. 

a teem applied to the must recent members of tb e 
ies, espreesive of the large proportiou of recent 
it is subdividtd into older and newer Pliocene, 

applied to all igneous rocks which 
in imbedded crystals in a homogeneous muta, 

ory, tlie class uf rocks destitute of organic remains, and 
dded fragments ; formerly called firimilice. 
. Pmbipla, a fossil bivalve shell, abundant in the raounlain- 

Iti, combinations of the metals with sulphur. 
rl:. the aside (or add) of the metalloid silicium ; it is 
iiliient of granite and very abuadanl in the older rocks, 
indary strata it appears as saadslooe, sand, and flint 
r, applied in geology to express any of those mineral 
I uf which the gliil>e is composed. 
it(, a German word synonymous with slate, 
miiury (a* opposed to Primary), derivative rocks contain- 
B oigaaic remains uf extinct species, and imbedded frag- 



Isof older rocks. 



r, nodules of argillac 



ruck of the imstratifii 



the 



Shalt, asoFt spedei of sUte, abundant in Ihe cunl-meunc 

Si/ica, the pure oxitie (or acid} of silicium. 

^iri/er, a remarkable biTalve ahell, occurring in the mm 
lain limeatoae and other tranailion rucks. 

Slralmn, B bed, oc layer of rock. 

Sfriil?, uFiliata. ByngopnmiB with their bearingordiraetii 

Stfnite^ a viu-iety gf ^anitti tnntaiDiDg hornblende inate 
of mica. 

Terliarg, a name spjiUerl tq those serlimentary rn(k» whi 
contain fusuils of ciisting species. In the regular Order 
miierposilioQ, they follow the areondaiy rockit before nOtiM^ 

TrBniitioH, an indefinite term appHtid eo the oldest iMcnda 

TVap, a term applied by the earlier geulugists la many u 
utratified rocks, aa b!i£alL and greenstone. H ia dBriTfldfiom 
ScandiDaiian woril, wgaifyiii^ a step or slsir. Rucks of 
class fcequeatlf preaent aa irregiitu outline, not uulike a 

l^ifa, a vulcanic coii|;1omerale. 

Veuu, those thin tabular maBsei of spairf and laeC 
matter which frequently intevsecl rocks, and forn 
depoailoriiA of the metallic ores, eajtecially tin, copper, 
lead, and silver. 

Ftinilont, or " win ituf,' ' the sparry matter forming th 
great bulk of all mineral tvini. and inclosing the metallic or«4 

Fd/cobom (somelimea very improperly called burning moi 
taina), a name applied lo those uritUiea, geniprallj on the ni 
or lummits of mountnina, which communicate with tha in 
rior of the globe, gitiui; vsnt to incandeaceat natter ■ 
various gabeoua products, the results of inteniie chemical ac&l 

Zoophi/lei, a class of animals having no powen of hMlnl 
lion, and in some meature resembling plants, being rooted ! 
the bed of the aca. Recent corals and s^ionges tielang to tb 
clan, which attained an immense development in tlie TlM 
slala, many Ihick and exleosive strata bemjj chieBy funned {| 
their ramaius. 
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X'Map ofihe Geohgs of the BrilUh hlandi. 

has btea constnjctBil tu illustrate iome of the 
uit featurea \a the ^ology ai thif British l&luul^, 
I B couveuient index to luri^uc aud oiute elabucate 
kind. It hug beeu ali^ady tcl'erred to in the botly 
lut will perhaps ba more readily uiidcnituod I'runi 

n of the map distiDguiBh«J by the iBltrc a, and 
J huriicmtal lines, showa the exlecit of the tertiary 
u uTEngland, or those lyiug aho?e the dialk. The 
i eitent of the London and Isle of Wight basim 
A be at once pBtceived. 

a coloured yellow, und marked b, comprehend! 

, together with Ihe ButiJBeEDt oolitea and the lioB. 

11 nibdivision marked li shows tlie extent of the inte- 

of cocks called the Weiilden formation, which is 

:d in the south of England. 

I of tlie yellow tint marked c ihovts the area 
B roclu intervening between the lias and the 
, or the new red sandstone and mngntsian time- 
reater part of this trsct in ai^i:upierl by the former 
le tint, marked d, showB the extent of the car- 
it system of rocks, compreheiiditig the coal-men snres, 
ijaeent millstone grit, carboniferous or mouutain lime- 
A old red laodsliine. The upper portion of this mass, 
B^al -districts, are distingnibhed by a dork shodinf^i 

t, marked e, shows the extent of the vast tnass 
7 and transition slates, which lie beneath the coal ; 
1, therefore, the greywacke sUte, trantition limestone, 
Eptimary elay-slate, with all their varielica, as well as tlie 
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protrndwl masses of gieeuatoue, syenite b 
abundant iu this seiieB of rocks. The scale of tht! in 
not bIIqw llie putitiun and extent of thesi 
they will, however, be seen OQ reference to the bodyuf Ih 

PLATE 11. 

Rg. 1. — Gtricral ammgemenl nf lit 
Fig. 2.— Jtfinmi/wi'nj, Fig. 3.—Caal-baii« dUlocaUdiffti 

Fig. 1 shows the order of superpoeition of the grewt oil 
of rocks generoUy termed primary, trai 
tertiary, and also the relations of the stratified and ui 
series of rack*. It has been already referred k 
at length, in p. IID. 

Fig. 2 illustrales the nature of mineral veir 
placement of the itrata which they generally o< 
tified districts, where the same beds are usOally found/Bt]! 
I'erent levels on the two sides of a vein. Mineral Teintlf itB 
be recollected, are thin tabular mossea composed ot,f^ 
cslcBreous spar, fluor spar, barvles, Sc, Ibroughout trht^ 
oral of the metals are dispersed in " bunches" 
shaped masses. Their extent, either downwards or in ft 
□f their dtrection.is great and indefinife, having peiiuptiii 
case been salisfactorily ascertained, but their width i« n 
■iderable, seldom exceeding a few feet or yards. Ttinr au&- 
nation to the horizon, termed in Cornwall the '■ underlie," and 
in the North of England the " hade" of the vein, is genersU; 
very great, approaching a perpendicular to it. The plate re- 
presents a group of veins or "lodes" seeu across tho line uf 
their direction, and therefore exliibiting both their thickowg 
and InclinHtion. Veins otlen branch out from one another, oi 
are ctOHsed and dislocated by other veins having a diffun 
dip or direction, as shown in the plate. 

Fig. 3 represents a section of the carhouiferoua q 
rocks, where the series is most perfectly developed, a 
clodes tbu subjacent millstone grit with the limestoue 
and carboniferous limesitoue. The group uf rocks of*' 
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B here shonii ia the one marked il. i 

•■culouwj tiluB in the index-map. The moat important l>ej! 

■"daiiteMoiaiiied iotlieupjwr portion ot the '■ coaJ-measure 

■'%Uciaiiiut>id1)yBtron^lines,aa<t, with the BdJaceutstrE 

vefreqiienllj disarranged and broken up by " faults," aa bIio 

° piste, 1^ coul-strsta are generally found lying in 

'ettuuRhsordeprHBsions of the strata beluw Ihem, aasi 

I n Ibe %|,e. 

PLATE III. 
Uan of Coalgrort Beck Ltad-Mmi. VorMin. 

^ plate gives an actu 

""lone grit and carbuniferoua limes' 

^"^mi, and bIbo ihdth the vorbing of a Uad-mino in theSB 

*><■ in all mineral countries there ate particular strata, or 

"■tonrij of gronad which are most fa»oorable to the produc- 

__^niif the metallii^ ores, and it ia chie9y while pasaiog through 

IB thai the TeinB liecome enriched, or contain those bunckes 

le before desccibed. This great priaciple iswull illuatrated 

Ktbe plate, where it will bo seen that the excaiatignti liir 

; the lead-ore hare been almost entirely confided to 

p grilatone-beds, acarcely penetrating either the shale abovep 

■the great mass of earbonifetous limestone below. It ia 

of remark that, in minea aimilatly ailuated to the one 

n, the gtitatone-beds are generally moat productive, 

,n AUlun Muur and the adjoining mineral districts 

IFsiU'dale and Teesdale, where the catbuaiftitoiis limeiitoDe 

^eb inlerBlratified with gritstone and ahale, it,u ceiMk 

^ of the limestone, and more osjtecially the one called n& 

laatone," which is moat proiiuctire of ore. 

idea may be obtained from thiB plate uf the general 

iFoiking miuei. It will he aeen that^eeaii to the 

It ia obtaineilljy petpendicular ^s or " iihal'ls,'' and that 

fe._L.:_ intervals paissgea or galletieB, generally termed 

are eicavated upen the vein, by means of which its 

intents are eiploreJ. The purtiuns of the vein be- 
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tween the leTcla »te also eiplored at certain (iiB'aiu 
undi'rgrounrl shafta termed ■'winies," and the whgls oEtta 
vein being thuii laid opi^n in large rectanjiular miuseB, 
TBtianii are then cammenced uiion thobe portions nbicli 
tain nufficieiil ore to pay foi uoikin^;. 

PLiTE IV. 

Geohffioal itclioa of the CoiiiolidaUd Mines, ConacaJI. 

This plnte gives a general »i*tionof Ihe Consolidafed Uinl 
near Bedruth in Coruwa^l.and affords an excellent illustratU 
of the geological paeiliun uf the must productive m 
county, which, an aUtndy described, are situated near Ibejiuil' 
tion of the ^anile and the slate. At the western eitremifjtl 
the minee the mass of (granite nhiuhflhns lh« pro 
called Cam Marth, dips below Ihe suirace at an angle of abM 
30°, and is overlaid hy the metal liTeroutt clay-slate, termed a 
Cornwall " kiUas," which is itself traversFd by the porphjiifi 
lock termed "elvnn." AU these rucks are intersected by m' 
ral veins ur "lodes," which are highly productive both of eq 
per and tin, but more especially of ihe former metaL ' 
Teins have mostly a direction nearly east and wett, and a 
or "underlie" to the north, and are intersected at rightaB| 
by barren veins or " eross-coursea" chiaHy filled with qm 
and clayey mailer. Their chief produce is the Eulphntetf 
coppsr termed " yellow copper-ore," Irora which the (treat \ 
of that metal is inmost parts of the world obtained. The g> 
ral vridlb of the veins is from two or three to five or ilx I 
and, although larire portiooB ore filled with quarts and wo 
less matter, the bunches of ore have been aggragatod t< 
inmassesofBnormouBBizaBndrichneBS. Theii position i _ 
tent is shown iii the Plate by the shading, which n^resenlsSi 
vast aeries of excavations by which the ore has been obtaiii 
The pobition of the shafts and levels upon the principal v( 
has also been shuwn, but the scale does not admit of notie 
the innumerable winiea by which the veins are traversed. 

The Consolidated mines are the most estensive in the wo 



CHK PISTES. 287 

Theii extiemB taugth is neBjIy tvo milea, and thair greatest 
depth nearly 3U0 fathoms or 18UU feet. The ilniiiiage aod 
extractioa of thu oie is prrfuimed l>y an unparalleled accumu- 
latioa a! steum-eogme pawtr, and alwul; 3000 pecsonH are 
employed upon the concern, which may be retjo'ded na the 
graateat monument of minini; skill and enterprise which has 
^BM been piodnced eithai in this or any other country. 



PLATE V. 

TVannrrie leciioa oflhe CoRialiilaled Mmti. 
This plate gives a tranavrne section of the Cunsolidaled 



ir thEir 1 



rs the in 



the veins, the positiun uf the shafts with regard lo them, and 
Ihe mode in which the channels of por[>hyTitic rock appear lu 
tr»»erBe the slate. In some caaei they have been aseertained 
by the workingsof the mines lo fonn tolerably regular (injected) 
beds,or"SoorB.''couaidrrablf inclined to the horizon ; in others, 
they have nanre Ihe appearance of scattered undefiaed maSBes, 
irregularly protruded from below. SoiQti of the" elvan courses*' 
I shown in the plnte have never been traced to any great dis- 
tance belun the surface, Siud are therefore not cai;tinued in 
depth. The position of the shafts with regard to the veins 
is here clearly ahoiru, aud also the " cruas-cuts" or amall pas- 
sages by which the communication is effected, either before 
the shart has cut the vein or after it haa parsed petpeudicu- 
larly through ii By comparinff the traiiaieru secliun given 
in thia plate with the loxgiliidinal one in Plate 4, a much 
elnrer insight will be obtained into the system of eicavationa 
by which tnines ate formed. It must however be borne in 
mind that the scale of the latter is greater than ihal of the 
former, and it may I'urther be observed that in tlie westero 
part of the mmes Ihe number of lodes, and smaller veins or 
"branches," is much greater thun in the eastern, and the 
miikings therefore much more complicated, the same levels 
being driven upon several parallel v*ins and branches, and com- 
municating both with the sLuftsaod with each other by means 
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ofmuncroiiierow^ati. Abetttf idbaof theflsteataiidBiBgiii- 
tiide of undergioimd opentioiii in thMe edebnted minec, tad 
of ihb energy and poMTCfmnee witli vhieh the worka ham 
been canned on by the prewnt Company, can hardl j perhape 
be given, than by a tating that, in a period of acaicely tvenfy 
yearly nndeigroand operationa in ^ linking^ and *< driving^ 
mostly in the lolid rock, forthe lole pupoae^ of d ia coroi y , hsve 
been executed to the extent of moca than 55,000 fathoma^ or 
about nxhf-tkrte mikh at an espenae which cannot have fidlan 
abort of 300,000/. 

PLATS VI. 
EewutrkAkfinmi qfButU Oryaaijariaw. 

This Plate will give' a general idea of a few of those re- 
maikable foaiil forms with which the student riurald early- 
become acquainted, and in the study of whieh^ more especially 
as regards the nicer distinctions of species, little progress can 
be made without reference to characteristic specimens, which 
he should therefore endeavour to collect. 

The following are the fossils figured in the Plate : — 



'i(?- 


Fig. 


1 Echinus. 


7 Terebratula. 


2 Fusus. 


8 Producta. 


3 Pecten. 


9 Spirifer. 


4 Ammonite. 


10 Encrinite. 


5 Belemnite. 


11 Orthoceratite. 


6 Gryphite. 


12 Trilobite. 



It maybe observed that theEchinus^ Fusus, and Pecten, are 
common in the London clay and chalk, the Ammonite, Bel« 
emnite^ and Gryphite in the Oolites, while the Terebratula, 
Producta, Spirifer, and Encrinite, are abundant in the carbo- 
niferous limestone, and the Orthoceratite and Trilobite are 
especially characteristic of the transition limestones. 



n^ 



WF great BRITAIN. 



V 



^ Uid down, chiefly from uriglnal observation, the position 
riose portions of our strata which are known to contain 
ider a clear and general view of the geographical position, 
of our mineral produce, it must be observed that the 
-•onsidered as approximate only, although the result of 



tTED VALUE. 

lall, as speci- 
t ouly 



i30,000 



Lir 



|l,200,000. 



J20,000 



' ■ ■A)20,000 



BE MASKS. 

5 Found to the value of ^£4,000 or £5,000 in the 
I. county of Wicklow, about forty years ago. 

( Chiefly extracted from argentiferous galena, but 
I occasionally found in distinct veins. Will pro- 
< bably be much increased by the more extended 
I application of Mr. Pattinson's de-silverising 
V process. 

{Found most abundantly in Cornwall; occurg 
plentifully also in Wales, Ireland, and the 
north of England. 

( Found chiefly in Cornwall, especially the western 
i part. 

The priucipal Lead-mine district in this country 
is that in the vicinity of Alston Moor, extend- 
ing over portions of Cumberland, Durham, 
and Northumberland. 



I 



^n, but not large Exists abundantly, but very little worked. 






( Not generally diffused in this country, but 
\ worked in Devonshire and Cornwall. 

( The same remark applies to Cobalt, which is 
X still less abundant. 



J 



's mouth, per- 
out jb'8.500,000 



1 

Considerable 

JOO.OOO . 
|),000 . 



C Found in vast abundance, and largely exported 
\ chiefly in a manufactured state. 

Our annual produce of Coal is between three 
and four times that of all the rest of Kurox>e, 
and eleven times that of France. 

Only locally used for fuel. 



I 



( Independently of home consumption, a very 
\ large quantity of Salt is exported. 

( The alum is formed by the decomposition of Iron 
1 pyrites, existing in the lias shale. 



\- Britain may, at average prices, be estimated at some- 
p^ture, and not including the cost of carriage on coal. 

[Qsiderable, but no sufficient data exist for estimating either ♦*- 
l^vial districts and elevated moorland tracts, and suppliM a* 
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rians and Scholars. 

By W. C. Taylor, LL.D., M.II.A.S., and F.S.S. 

In one vol. ISmo. price 6<. 6d, cloth. 



An HISTORICAL EPITOME of the OLD and NEW 
, TESTAMENTS, and part of the APOCRYPHA; 

In which the Events are arranged in Chronological Order. 

By A Member of the Church of England. 

Ill ISmo. a New Edition, corrected and amended, with a 
▼ariety of Engravings, price 6s. bound and lettered. 
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MY TEN YEARS' IMPRISONMENT IN ITALIAN 
AND AUSTRIAN DUNGEONS. 

Bj Silvio PtLLico. Translated by Thomas Roscox* 

The Third Edition. Royal 18mo. 6«. cloth. 



A MANUAL OF UNIVERSAL HISTORY AND 

CHRONOLOGY. 

By II. H. Wilson, M.A.,Boden Professor of Sanscrit, Oxford. 

For the use of Schools. 

In ISmo. price 4j. 6d. bound, and illustrated by three Maps. 

*»* This work differs from those in ordinary use, by the 
insertion of detailed notices of the leading occurrences of 
Asiatic History, and particularly of the history of India. 



dFirtion, &f* 



LA HOUGUE BIE de HAMBIE, 

A Tradition of Jersey. 

An Historical Tale, with copious genealogical and anti- 
quarian Notes, developing many minute and interesting par- 
ticulars relative to the Norman Conquest ; selected from the 
"Koman de Rou," and other Metrical Romances, and from 
.various rare manuscripts and ancient documents. 

By James Bulkeley, Esq. 

Embellished "with numerous highly-finished Wood and 
Lithographic Engravings, 4 vols. IfCmo. price 14j. 



Ate^Maria Lane, London, 



The FORSAKEN, 
A Tale. 

In 2 vols, post 8yo. price 16s. \ 



I 

GILBERT GURNEY, 

\ By the Author of " Sa3rings and Doings/* " Jack Brag," &c. 
' Second Edition. 

In 3 vols, post 8yo. price «£'! tis.Cd, 



LOWENSTEIN, KING OF THE FORESTS. 

ATale« 



! 
I 



i 



By the Author of " Two Years at Sea." 1 

3 Tola, post 8vo., price 18s, 



OUR VILLAGE ; 

Sketches of Rural Character and Scenery. 

By MiiRT KUSSELL MiTFOBD. 

A new Edition, illustrated hy numerous Wood-cuts, in the 
highest style of the art, hy Baxter. 

In three volumes, foolscap 8vo. hound, 24s« 



The ROMANCE OF ANCIENT EGYPT, 

Second Series of the ROxMANCE of ANCIENT HISTORY. 

By JoBN Gunning Seymer, B.A. 

In 2 vols, post 8vo., price ^1. Is. 
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The ENGLISH BOY AT THE CAPE : 

An Anglo-African Storj. 

By the Author of '< Keeper's TraYels." 

In 3 vols. TOjal 18mo., embellished with Engravings, price 
lOi. 6d., half-bound and lettered. 



The NAVAL SKETCH-BOOK, Second Series. 
B7 Captain Glascock, R. N., Author of " Tales of a Tar/'&c. 

A new Edition, with several Illustrations, from Drawings 
bj ScBETKY. 2 vols, post 8vo., 2U, cloth lettered. 



WHITTAKER'S 

SERIES OF FRENCH CLASSIC AUTHORS. 

In royal 24mo. with Frontispieces and Vignettes, 

ATALA, par Chateaubriand; et LA CHAUMIERE IN- 

DIENNE, par St. Pierre. 3s. 
PAUL et VIRGINIE. Par St. Pierre. 2*. 6d. 
ELISABETH ; ou Les EXILES en SIBERIE. Par Madam.:^ 

COTTIN. 25. 6d, 

IIISTOIRE de CHARLES XII. Par Voltaire. 4s. 6d. 

BELISAIRE. Par Marmontel. 3s. 

Les AVENTURESdeTELEMAQUE. Par Fenelon. 5s. 

NUMA POMPILIUS. Par Flormn. 4s. 6d, 

La HENRIADE, POEME. Par Voltaire. 3s. 

ESTELLE, Pastorelle. Par Floriav. 2s. 6d, 

Les INCAS ; ou, la Destruction de I'Empire de P6rou. Par 

Marmontel, 5s. 
GONZALVE de CORDOUE; ou, Granade Reconquise. 

Par Florian. 5s. 
GUILLAUME TELL; ou, la Suisse Libre; et EUezer 

Nephthali. Par Florian. 3s. j 

HISTOIREdeGILBLASdeSANTILLANE. Par Le Sage. / 

2 torn. 10s. ' 

ABREGE des VIES des ANCIENS PHILOSOPHES. Par 

Fenelon. 4s. 
IIISTOIRE de TEMPIRE de RUSSIE sous PIERRE le 

GRAND. Par Voltaire. 5s. 



Ave-3faria Lane, London. i 

The BEAUTIES OF THE BRITISH POETS. 

With a few introdDctory ObsemtiouB. 

By the Rer. 0. CnoLv, D.D. 

In IJmo. with aeveral Engravings, price Ti. 

The Second Ediiion, enuikieo. 

: The RURAL MUSE. POEMS. 

By John Curb. 
The Northamptonshire Penaanl : Author of " Tha Village 

Minatrel," " The Shepherd's Calendar," &c. 

In foolscap 8vo.. illustrated with a View of the Poet'e 

CoIIiige, uad ether Emheltislimenta, in clolh, price 7i. 

jJatural jOjiittorit anQ OarOnttng. 

The only complela moiiem Niitural History in the language. 

THE ANIMAL KINGDOM. 

Dacii^Kd and arrangtd in cenformiltl wilh iU trganimtion, 
Br THE WTE BARON" CUVIER, 

Translated, with large additional Deacriplioii! of all the 
Species hitherto named, and of muny not before noticed, 
ond «ith other original matter, by E. GuiFrrra, F.A.S.. 
Lieut-Colonel C. il*Mii.TO!« Smith, F.R.S., E. Pidoeov, 
J. E.GaAV, F.R.S„an " 
Thia elaborate work i: 



eaoh of which may be had separately :- 
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The FEATHERED TRIBES OF THE BRITISH 

ISLANDS. 

By Robert Mudie. 

With considerable Additions and Improvements, and em- 
bellished with numerous Engravings of Birds, carefully 
drawn and coloured by the best Artists, from real Specimens; 
and also by various Engravings on wood, illustrative of some 
of the more remarkable points in the Natural History of Birds. 

A New Edition, in 3 volumes, post 8vo. 28s. cloth lettered. 

Also by the same Author, 

A POPULAR GUIDE TO THE OBSERVATION" 

OF NATURE: 

Or, Hints of Inducement to the Study of Natural Productiott* 
and Appearances in their Connexions and Relations ; show- 
ing the great extent of knowledge attainable by the unaided 

exercise of the Senses. 

In ISmo., price 3$. 6d. in cloth. 

And, 

FIRST LINES OF ZOOLOGY: 

By Question and Answer. For the use of the Young. 

18mo., with Engravings, price 6s. bound. 



The ORNITHOLOGICAL GUIDE ; 

In which are discussed several interesting Points in Orni- 
thology. Containing also a Catalogue Raisonn6 of the chief 
Workjj on Natural History, and a List of the Birds of Great 
Britain, with their scientific and common Names. 

By Charles Thorold Wood. 
Post 8vo., price 5s. cloth, lettered. 
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' ' ' ' ' ■ ' -I II ■ I > ■ ■—— —!—■«■ 

The SEA-SIDE COMPANION : 
Or, Marine Natural History. 

Bj Miss HOBERTS. 

. foolscap 8vo., illustrated by numerons wood-cuts by Baxter. 
I 6s. 6d, cloth, lettered. 

By the same Authoress, • 
The CONCHOLOGISrS COMPANION : 

'oolscap 8vo., with several superior wood ennavingSy the 
Second Edition, 6s. 6d. cloth lettered. 

Also^ by the same, 

Ilie WONDERS of the VEGETABLE KINGDOM 

DISPLAYED. 

12mo. 6s» cloth, lettered. 



the HISTORY AND DESCRIPTION OF FOSSIL 

FUEL, 

The COLLIERIES & COAL TRADE of GREAT BRITAIN. 

By the Author of ** Treatise on Manufactures in Metal," 

in Lafdner*s Cyclopsdia. 

In 1 vol. 8vo. Illustrated by various Wood-cuts, 

Price 14s. cloth. 



The NATURAL HISTORY OF SELBORNE. 

By the late Rev. Gilbert WnrrE, M.A. 
With Additions by Sir Wiluam Jasdzne, Bart. 

Small Bvo. a New Edition, with 18 superior Engravings on 
wood by Branston, price 6s. 6d, cloth lettered. 



12 Pubtithed by Wkittaker and Co. 



The BOOK OF BUTTERFLIES, MOTHS, AND 

SPHINGES. 

Bj Captain Thomas Bbown, F.R.S., F.L«S., &c. 

In 3 vols. l8mo. with numerous highly-coloured illustratiTa 
Engrayings, price 10s. 6d, cloth. 



The VILLA AND COTTAGE FLORIST'S 
DIRECTORY ; 

Being a familiar Treatise on Floriculture ; particularly A* 
Management of the best stage, bed, and border Flowers, usually 
cultivated in Great Britain. To which are added, Directions 
for the management of the Greenhouse, Hothouse, and Con- 
servator j ; with the different modes of raising and propagating 
Exotic Plants. Interspersed with many new pnysiological 
observations, and various useful lists. 

By James Main, A.L.S. 

The Second Edition, in foolscap 8vo. price 6s. cloth lettereA- 



The GREEN-HOUSE COMPANION; 

Coniprisiiij^ a general course of Green-house and Conservatory 
practice throu}i:hout the year ; a natural arrangement of all th© 
Green-house Plants in cultivation; with a descriptive Cata- 
logue of the most desirable to form a collection, their proper 
soils, modes of propagation, management, and references to 
botanical works in which thev are fij^ured. Also, the proper 
treatment of Flowers in Rooms, and Bulbs in Water Glasses. 

In 870. with a coloured Frontispiece, the 2nd Edition, 12s. 



The DOMESTIC GARDENER'S MANUAL; 

Boinc^ an Introduction to Gardening. To which is added, a 
concise Naturalist's Calendar, and English Botanist's Com- 
panion ; or, Catalogue of British Plants, in the Monthly 

order of their Flowering. 

/ In 8vo, illustrated by sevetaLl ET[v^Tavin^s, 124. cloth lettered. 
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FLORA DOMESTIC A; 

Or the Portable Flower Garden; being a familiar Description 
of all PlaDts now cultivated in Britain, with particular In- 
structions (or the Treatment of Plants in pots. Illustrated by 

Quotations from the Poets. 

In 8vo. price 10s. 6d, cloth lettered. 



A CONCISE AND PRACTICAL TREATISE 

On the GROWTH and CULTURE of the CARNATION, 
PINK, AURICULA, POLYAJMTHUS, RANUNCULUS, 
TULIP, HYACINTH, ROSE, and other Flowers; including 
a Dissertation on Soils and Manures, and Catalogues of the 
finest varieties of each Flower. 

By Thomas Hogg. 

The 5th Edition, with coloured Plates, price 8i. cloth boards. 



SYLVAN SKETCHES; 

Or, Companion to the Park and Shrubbery ; 

Describing every variety of Forest Trees and Arboraceous 
Plants, with Directions for Planting. 

8yo. price lOs. 6d. cloth lettered. 



fiHi^ctlUmoni^ 



A HISTORY AND DESCRIPTION OF MODERN 

WINES ; 

With considerable Improvements and Additions ; and com- 
prising the last Parliamentary Reports on French Wines, and 
other statistical information. 

By Cyrus Redding. 

A New Edition, in 8to. with Sixteen En^^vini^t ^t\!^^ \&\« 

doth lettATod. 
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The PARLIAMENTARY POCKET COMPANION. 

ConteDts :— All Peors of ParliamoDt, their Ages, MarriagM, 
Residences, Offices, Cburch Patronage, &c. 

Lists of Places returning Members, with their Population) 
o£lO Houses, Assessed Tazes, prevailing Interests, &c. and 
several {particulars connected with the last Election, includii^ 
the number of Voters registered, the gross Poll at each Contest, 
und the Number who voted for each Candidate. 

2M embers of tho House of Commons, their Residences, Pro- 
fessions, Offices, Church Patronage, Political Principles and 
Pledges, the Places for which they formerly sat, and other 
Particulars of their Public Life. 

Lists of the Cabinet Ministers, the chief Public FunctioiH 
aries, Parliamentary Agents, Officers of both Houses, Britsh 
and Foreign Ambassadors, &c. 

Also, a Variety of Miscellaneous Information connected 
with the foregoing, and with the several Public Offices. 

Tho whole carefully compiled from Official Documents, and 
from tho personal' Communications of Members of both 
Houses. 

New I'Mition, carefully revised, and giving the latest stato 
of the Representation, royal 3!2mo. Price 4«: bound and gilt- 



The EXPERIMENTAL PHILOSOPHER. 

By William Mullinger Higcixs, 

Author of " The Earth," late professor of Natural Philo- 
sophy at Guj's Hospital, and Honorary Member of variou! 

Literary Institutions. 

Illustrated by numerous Wood-cuts, uniform with 

•* The Earth." 

In 1 vol. royal 16mo. cloth lettered, price 95. 6d, 



A DICTIONARY of the ENGLISH LANGUAGE, 

Greatly Improved. Tho Punctuation ascertained by a new, 
and simple notation. To wliich are prefixed, tlie Principles of 
English Pronunciation, and the Elements of Reading ; with 
copious lists of Greek, Latin, and Scripture proper names, &c. 

By G. Fulton, and G. Knight. 

In 1 voL square l^mo. -^Tice 48» 6d. bound. 



PRINCIPLES AND I LLUSTR,4TI0NS OF 
MORBID ANATOMY; 

niaatraled bv A COMPLETE SERIES of COLOURED 
LITHOGRAPHIC DRAWINGS, from OrigioiiU by t' 
Author. AdaptBd to \be ElBniBnls of M. Anclfal, and to t 
Cyclapnilia of Practical Medicino, with Ibe latter of whieli 
it corresponds in Bixe,nad designed to constitute anAppec-'-- 
to »11 works on tha Pmclice of Pbj'sic, and to fnciliiule 
study of Motbid Anatomy in eonnaiion with Sjmptom! 
By J. IIOFE, M.D. F.R.S. PLysician to ILb St. Mary-U-bona 

111 one volume, royal Bvo., 51. .'it. cloth, Uttered. 



The SECRETARY'S ASSISTANT; 
Exhibiting tha various and most correct Jlodea of Super- 
scription, Commencement, und Conclusion of Letters, to 
Feraons of Giery Degrtie of Rank, including the Diplomatic, 
Clerical, and Judicial Dignitarietfl with lists of Foreign Am, 
bassadoTs and Consuls. AUo tha Forms necessary to be used 
in Applications or Petitions to the Kini; in Coancil, Houses 
of Lords and Cnmmons, GoTsmment Offices, and Public Com- 
panies; with a Table of Precedency, and the Abbreviation! 
of the several British and Foreign Orders of Knighthood. 
By the Author of the Peerage and Baronetage Charts, &c. 
In D pocket lolumu, the Fifth Edition, 5i. cloth lettered. 



The BOOK OF FAMILY WORSHIP ; 

Consisting of a Four Weeks' Course of Prayer, and Prayers 
Bailable to the Festivals of the church, and other solemn Oc- 
casions ; together with general Prayers for the Church, King, 
Clergy, Wives, Husbands, Child ton. Friends, &c. and General 

By the Editor of tha " Sacred Harp." 
To wliiehnrendded.jEBEHvTAVLOit'sSocramenlal Meditations 



New and enlarged Edition, in post 3vo. with beautiful 
Vf ood-c at Vigil Btlea, by Baiter, in cloth, 7t,6d.\ loi -fJaJi, 
hnncJsonie;/ bound in Turkey Moiocco, livftv 5^1. i(&^ii* A'**- 
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An EXAMINATION OF THE ANCIENT ORTHO- 

GRAPHY OF THE JEWS, 
And of the ORIGINAL STATE of ILb TEXT of the 

HEBREW BIBLE. 
Part I,, conUinlnE v> Ivouihy ixto ibb Ohioin of At-TBt- 

ic V/tansc ; with which is ineorpoTRtod an Emst on the 

Eg;ptiui Mieroglyphioi. 

Dj CniBiiO William Wall, BJ). 

Senior Fellow of Trinity College, nnd ProfeBior of Hobra* 

in Ilia University of Duhlin. 

Huper-rOFEil Bio. illustrated br elaborate pUtes, price 

15i. cloth lettered. 



A DICTIONARY OF ENGLISH QUOTATIONS 

From tbe BRITISH POETS, 

Part 1.— ShakBpesra.— Part S. Blnnk Verse.— Part 3. BbjmB- 

New Edition, in 3 Tola. JSroo. 31t. cloth. 



By HL'cn Mouse, Esq, 
In 1 volume, post Bvo. ISi. bootda. 



MACDONNEL'S DICTIONARY OF LATIN AND 
FRENCH QUOTATIONS. 

To which are added luanv from the Grsek, Sfahtsii, 
Itaitan Languiipi!B.' TransUtad iota English. 



Ave-Maria Lane, London. 17 

The STREAM OF HISTORY: 

Showing the Rise imil Fnll of Empires, nnd the Progress of 

tlie Arts, Scieocea, and Literature of every Nation ia the 

World, from the earliest ages to tlie jeac IBti, 

Originally invented by Profeaaor Strass. 

Mounted on rollers, price ^I. 16s. 

",• TliiH elegant and useful appendage to the library eihibiCa 

a cleor and compiebensive view of tbe principal events of 

Geoeral History ; and to tboae wbo bove not opportunities or 

time for reseaicb, it may be truly said to be isvaluable. 



AN EPITOME OF UNIVERSAL CHROSOLOGV, 
HISTORY, AND BIOGRAPHY ; 

Foiming a Companion Co tbe " Stresm of History." 
By C. Hamilton. 
ISmo. riiceSi. 6d, 



The WRITER'S AND STUDENT'S ASSISTANT; 

DICTIOXARY OF ENGLISH SYNONYMES ; 
tendering tbe more common Words and Pbraaes in tbe 
English Language into ibe more elegant and scholastic, and 
affordinn a choice of the most appropriate, from a variety of 
nearly the aatne SigniHcations ; with concise Kotea, pointing 
out, in a familiar nay, the Distinction betneen sucli words 

09 are frequently (in error) used smonymously. 

The Third Edition, rery aonsiderablv improved and enlarged, 

ISmo.Si. inclotb. 



L'lTALIE; ahri-gee de "CORINNE, oil LTTALIE." 

In 1 vol. iimo. with Frontispiece, price 3i.6d. cloth. 

•.•ThisBookispeculiarlyadaptodforaFHEBt-H Class Boor, 

Bi it comprises an eiampla of tbe most elegant style of the 

French language, gives a ve^ excellent account of Italy, 

and bos an interesting story, which abounds with the purest 

" and pTBte^ls. 
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WHITTAKER'S MODERN GENERAL ATLAS; 

Comprehending all the Empires, Kingdoms, States, &e. is 
the World, constracted from the most correct aathorities, and 
containing all the recent discoveries. To which are added, three 
Maps of Ancient Geography, the whole compiisiagSd plates. 

Neatly half-bound. 

In 8to., colonred outline, 12f. ; full coloured, 15ii ; 
in 4to. 18<. and 2 If. 



\ 



The MORAL AND POETICAL MISCELLANY: 

Containing choice Selections from our most approved Poets, 
arranged under distinct Heads. 

In 18mo. price 3s. 



(tUmitdil aitH l^l^ilologiral S2aot4i0« 



ARTSTOPHANIS COMCEDI^. 

With a new Text and Scholia, revised by Professor BekkeI^^ 

of Berlin. 

The Fragments, Indices, Latin Version, and the Annotation^ 
of Beck, Bentley, Bergler, Brunck, Burney, Couz, Dobree* 
Elmsley, Kuster, Porson, Reisig, Schutz, and others, ar© 

added. 

5 vols, royal 8vo. 61, 6s. — The same, 5 vols, demy 8vo. SI, l5s. 
The following Plays are sold separately : 



AVES, 95. 
NUBES, 12s. 



PLUTUS, 15s. 
RAN^, 9s. 



NOT.E PHILOLOGIC.E ET GRAMMATICS IN 
EURIPIDIS TRAGGEDIAS; 

Ex variis Virorum Doctorum Commentariis Maxima ex 

Parte selectae, et Textui Matthiicano accommodatoe. InUsum 

Prailectionum Academicarum et Scholarum. 

2 vols. 8vo., price IZ. 4s. 



Ave-Marim Lane, London. 19 



-ESCHYLI PROMETHEUS VINCTUS. 

With Engliib Notes. 

By John Griffiths, M.A., Fellow and Tutor of Wadham 

College, Oxford. 

In 1 vol. 8vo., price 5s. 

Also, hy the same Editor, 

^SCHYLI SEPTEM CONTRA THEBAS. 

The Text of Dindobf. With English Notes. 

1 vol. 870. 5s, 



i 



The GREEK TESTAMENT, ^ith English Notes. 

By the Rer. Edward Burton, D.D., late Canon of Christ- 
chorch, and Regius Professor of Divinitj* 

3 Tols.^ price 24«« 



HERODOTI HALICARNASSEI HISTORIARUM 

LIBRI IX. 

Codicem Sancrofti Manuscriptum denno contolit necnon re- 
liqoam Lectionis varietatem commodius digessit TiioxAS 

Gaisfobd, A.M« 

2 vols. 8to., price IL 4m. 



THE ILIAD OF HOMER, 

Translated into English Prose, as literally as the differsnt 
Idioms of the Greek and English Languages will allow : with 

Explanatory Notes, 

By a Graduate of the Unirersity of Oxford. 

The third edition, thorouj^hly revised snJ corrected ; with 

additional Notes. 

870., price 16s. 



THE ODYSSEY OF HOMER, 

Translated in the same manner as the foregoing. 
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HOMERI ILIADIS 

liber Primus, Stadio Georgiz Stlvani, aocedant qnaedam 

Anacreontis Cannina, cum Notis. 

8vo., 5sm 



P. VIRGILII MARONIS OPERA, 

In Tironum ji^tiam perpetua annotatione illustrata 2 Ohs. 
Gk>TTL. Hbtne, edidit et suas animadversiones adjecit post 
curas Ernesti Car. Wunderlichii^Fridericus Emestus Ruhkopf« 

8yo., 14s. 



MARTYN'S GEORGICS OF VIRGIL, 

With an English Translation and Notes, 

8vo. boards, new edition, 16s, ; with coloured plates, IZ. It. 

Also, by the same, 
THE BUCOLICS OF VIRGIL, 

With an English Translation, &c. 
Svo., 16s. ; with coloured plates, 1/. Is. 



HORATII FLACCI OPERA, 

Kecensuit et illustravit F. G. Boering, accedunt indices 
locupletissimi. Editio nova, auctior et emend atior. 

Bvo., IBs.; super-royal, 1/. lis. 6d, 



HORATII FLACCI OPERA, 

Cum selectis scboliis et observationibus BA.XTERI, Gesneri, 

et Zeunii. Editio nova, cum indice verborum et nominum 

copiosissimo : in usum Schol^ Carthusians. 

8vo., 10s. 6d. 



HORATII FLACCI OPERA, in Usum Delpbini. 

Bvo., 12s. bd. 



HORATII FLACCI OPERA, 

With Annotations in English, from the Dolphin Commentaries 

and others. 

By the B.ev. H. Pemble. 



\ 
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JUVENALIS et PERSII SATIRE EXPURGATE, 
• With Explanatoiy Notes, &c., by E. Owen, MA. 

13mo., 6s, 6d, bd« « 






THE SATIRES OF JUVENAL AND PERSIUS, 

^rom th^ Texts of Ruperti and Orellius; with English 
^otes, parti jr compiled from various editions and translations, 

and partly original. 

^^ Charles William Stocker, D.D., Vice-Principal of 

St. Alban's Hall; late Fellow of St. John's College, Oxford; 

and Principal of Elizabeth College, Guernsey. 

In 1 vol. 8vo., price 14<. cloth. 

The SATIRES of JUVENAL and of PERSIUS, 

t'noislated into English Verse, by William Gifford, Esq. ; 

with Notes and Illustrations. 
In 2 vols. 8vo., 1/. Is, 

TACITI (CORNELII) OPERA, 

Recognovit, Emendayit, Supplementis Expleyit, Notis, Dis- 
sertationibus illustravit, G. Brotier. 

4 tom. 8vo., 21, 16s, 



The HISTOlRY of the PELOPONNESIAN WAR, 

By Thucydides. 

The Text according to Beeker's edition, with some altera- 
tions. Illustrated by Maps, taken entirely from actual 
Surveys. With Notes, chiefly Historical and Geographical. 
By Thomas Arnold, D.D., Head Master of Rugby School. 

3 vols. Bvo., 22. 8s. 

Vol. II. 14*. ; Vol. III. 16s. May be had separately. 



XENOPHONTIS MEMORABILIA SOCRATIS; 

Cum Apologia Socratis eidem Auctori Vulgo Adscripts; cum 
Textu et Notis Plurimis J. G. Schneideri, auxit Notis et 
Variis Lectionibus ex Simpsonio et BenwelUo exoerptis 
J. Greenwood, M.A., accesserunt ValckenaeriietRuhnkenii 

Annotationes integrse. 

8to. 9s. ; idem Latine, 870. IO1. 6d, 
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XENOPHONTIS CYRI EXPEDITIO, 

£x Racenaione et cum Notii T. HurcHZKBOVy AJtf. 
Qvo,j 9s, ; with Latin, lOi . 



XENOPHONTIS DE CYRT INSTITUTIONE, 

Libri octo, ez Recenaione et cum NotisT. Hutchikbos,A.M. 

Gitcce et Latine. 

8vo., 13«. bd. 



LEXICON HEBRAICUM ET CHALDAICUM; 

Coin])lecten8 voces omnimodas qaas in Sacris Bibliis exatant: 
ezemplorum Bibliconim copia et locorum difficilium ez He- 
bracorum Commentariis explicatione, auctum et illuatratom. 
Accosaenint Lexicon breve Rabbinico-Philoiophicuni, et 
Index Latinus. Studio Johannis Buxto&fu. Editio 

nova, aedulo recenaito. 

8vo., 16s, 



A GRAMMAR of the HEBREW LANGUAGE, 

AVith an Appendiz on the Anomalies of Verbs. 
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